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INFANTILE MALNUTRITION IN INDONESIA 


In recent years physicians in Indonesia 
have become increasingly conscious of 
the many varied manifestations of infantile 
malnutrition and of the prevalence and 
seriousness of this disease. In Indonesia the 
terms infantile malnutrition, malignant 
malnutrition and kwashiorkor are com- 
monly used interchangeably, the latter repre- 
senting the worst cases. The other principal 
nutritional disease in Indonesia is xeroph- 
thalmia. These diseases are a major 
factor in the high mortality of young 
children between the ages of 1 and 4 and 
are considered as the background for 25 to 
30 per cent of all deaths. They also affect 
the incidence of total and partial blindness. 
Malignant malnutrition may be responsible 
for the high incidence of cirrhosis of the 
liver in older children and in adults. 

Indonesia is a heterogeneous country 
geographically, and this applies also to 
nutritional situations and feeding habits. 
Rice, corn, cassava, sweet potatoes, sago— 
in this sequence—occur as the principal 
staple foods, either as such or in certain 
combinations. In rare instances, daily fish 
consumption is high, but in general the 
intake of animal protein is negligible. The 
total calories available per person are among 
the lowest in the world (2060), as is the 
amount of protein (43 g.), of which only 
about 4 g. is animal protein. 

In the towns and cities a large percentage 
of the population consists of small wage 
earners, vendors and craftsmen. They have 
no soil available for home food production. 
Their living conditions are moderate to 
poor. A high percentage of their income, 
perhaps four-fifths, has to be spent on food. 
Real pauperism is rare, in contradistinction 
to other East Asian cities. Most adults 
subsist on a rice diet (undermilled) which 
seldom meets the usual recommendations 


of nutritionists. Still, as a group, they do not 
appear undernourished, and the rare edema 
or specific nutritional deficiencies have as a 
rule a special and not a common cause. 

The weak point in the nutritional struc- 
ture of Indonesia is the young child who is 1 
to 4 years old, which we refer to as the 
“toddler age.”’ When the child is weaned he 
is given the same foods consumed by adults, 
namely rice, banana, pawpaw, vegetables, 
manioc, sweet potatoes, and occasionally 
soybean preparations. It is curious how 
large the percentage of rice in the food is, 
which seems to satisfy the appetite of the 
toddler. This is the usual dietary pattern of 
small children who are seen as victims of 
malignant malnutrition. It is probable that 
most of the cases of malignant malnutrition 
develop on a diet which contains only 500 to 
800 calories and not more than 10 to 20 g. of 
protein, practically all of vegetable origin, 
mainly rice. Such diets might well contain 
less than 5 g. of fat. There is no apparent 
abuse of starchy foods caused by excessive 
feeding of more and more cassava as soon 
as the child begins failing; this is often re- 
ferred to by African investigators. There is 
frequently a nefarious solicitude in relation 
to nutrition, resulting in submission to the 
child’s whims. Clearly, there is a deficit in 
fat and protein intake and particularly of 
animal protein. Also, the custom of eating 
several small meals a day and the absence of 
regular meal times may prevent the child 
from getting enough calories. 

Most patients with malignant malnutri- 
tion are emaciated and may or may not show 
edema. Cases of severe edema are relatively 
rare. Children in the second and third year 
of life may get a certain quantity of animal 
protein from breast milk or from sweetened 
condensed cow’s milk, but in most cases this 
is of small nutritional significance. 
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This poor nutritional pattern must also 
explain the growth retardation so often 
seen in Indonesian toddlers. It is dangerous 
to seek scientific protection here in racial 
characteristics. It has yet to be proved that 
the growth tendencies of the Indonesian 
child, developing under optimal conditions, 
are intrinsically below the figures for white 
children. It is a common observation that 
development of Indonesian children is rather 
satisfactory in the first half year, but after- 
wards they make only slow and irregular 
progress, especially in the second and third 
year. The few growth curves available are 
definitely flattened out during this period. 
Such children show exceptionally high 
mortality rates. They may die of common 
respiratory or intestinal infections, or of 
tuberculosis, measles, or malaria. ‘These 
children are waiting for the first best in- 
fection which mows them down,” wrote De 
Haas in 1940. 

The child with kwashiorkor is not an 
incidental, or a seasonal or regional finding. 
He is found everywhere and at every season. 
Such children have been known for many 
years. Nutritional advances in recent years 
have given us a clearer insight into the 
etiology and the possibilities for efficient 
therapy and prevention of this disease. 

Besides the growth retardation, all the 
common symptoms of the kwashiorkor 
syndrome are encountered. Edema, with or 
without emaciation, hypoalbuminemia, 
atrophy of the skin and crazy pavement 
dermatosis, depigmentation of skin and hair, 
diarrhea and steatorrhea, muscular wasting, 
a heavy fatty infiltration or slighter grades 
of fibrosis of the liver are very common. 
We may only speculate on the anatomic 
lesions, because the opportunity for post- 
mortem examination is very limited. A large 
percentage of such cases dies, even when 
cared for in the few hospitals which are 
able to receive them. As soon as the patients 
are able to ingest food they are given cow’s 
milk (skimmed or acidified preparations) 
or soy milk. Improvement in moderate cases 
is usual. 
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In the same age group, and frequently in 
the same patients, another grave Indonesian 
nutritional problem is found, that is, 
xerophthalmia. One may say that every 
toddler with xerophthalmia is also a victim 
of malignant malnutrition, but the reverse 
does not hold true. Regardless of how severe 
the general malnutrition may be a certain 
percentage of the cases of malignant mal- 
nutrition has no eye lesions. 

It should be clear that the postweaning 
diet described earlier contains only very 
small quantities of vitamin A. The carotene 
intake is quite variable and sometimes 
would appear to be sufficient to protect 
against xerophthalmia if it were being used 
efficiently. Some of the xerophthalmia 
patients subsist on a diet of white rice gruel 
for a long time, so their carotene intake is 
naturally deficient, but others consume 
daily a certain amount of green vegetables 
and yellow fruits. The exact quantity is 
extremely difficult to determine. The im- 
pression has been gained that this carotene 
in malnourished children does not reach its 
goal and does not result in an increase in 
vitamin A in the blood. Thus it is not a 
reliable provitamin A in these cases. It is 
important that this observation be ap- 
preciated, for about fifteen years ago 
Tijssen spoke of the “‘ineffectiveness’’ of the 
provitamin. One can only speculate as to 
this poor conversion. Is the carotene less 
resorbed by the intestine in malnutrition? 
We know that in most cases of xeroph- 
thalmia recovery is rapid when cod liver oil 
is given by mouth; this type of therapy 
seems as reliable as injections of vitamin A 
concentrates. 

Why is xerophthalmia in Indonesia linked 
with kwashiorkor? One would assume that 
the diseased liver plays a role. In all xeroph- 
thalmia cases where the liver was biopsied, 
rather extensive lesions—steatosis and/or 
fibrosis—were found. However, these are 
common findings throughout the world in 
all cases of kwashiorkor, and xerophthalmia 
elsewhere is rarely mentioned. 

In some way the protein malnutrition 
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seems to hasten the manifestations of the 
A-avitaminosis, but there are several puz- 
zling questions. It was hitherto impossible to 
distinguish between the diet producing 
only kwashiorkor and the diet which pro- 
duced kwashiorkor and xerophthalmia. In 
both cases the vitamin A level is lowered. 
Both groups of patients seem to be equally 
infected with Ascaris, an etiology which in 
India is thought to be important. It seems 
that in some regions with an exceptionally 
heavy carotene intake—for example, in 
diets of yellow maize with many greens— 
kwashiorkor may occur, but xerophthalmia 
will not. It is believed, on clinical evidence, 
that there is a certain conditioning in the 
manifestation of this vitamin A deficiency 
which depends not only on the intake of the 
vitamin or provitamin, but especially on the 
intake of protein. For therapeutic purposes, 
the vitamin supplement should always be 
combined with ample protein in the diet. 

A serious drawback to obtaining more 
insight into both conditions is the meager 
possibility of postmortem examinations in 
Indonesia. In recent years, however, liver 
biopsies have produced much valuable data. 
Not only steatosis, but also fibrosis—the 
latter less severe as a rule—are common 
findings. Cases of juvenile cirrhosis origi- 
nating from a long period of malnutrition are 
known. However, the relation between diet 
and the severe grades of fibrosis generally is 
not so easy to understand as is that between 
steatosis and diet. Still, infantile malnutri- 
tion is at present the best working hypothesis 
for the high frequency of adult cirrhosis. 

It is often difficult to decide whether a 
case of malignant malnutrition is caused 
by nutrition alone, or also by infectious 
diseases. The dysenteries and tuberculosis 
are common in the group under consider- 
ation. In bacillary dysentery and malnutri- 
tion the sequence of cause and effect is often 
impossible to determine. Bronchopneumonia 
is a common finding in such young children 
and the many fatal cases of measles in this 
country must have something to do with 
the nutritional state. It is also suspected 
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that low age malaria mortality is influenced 
by the same cause. 

The problem of prevention is dominated 
by the protein availability. Therapy with 
cow’s milk preparations is often quite 
promising, and we have already learned that 
soy milk too is very valuable. However, 
prevention by cow’s milk is not realistic. 
Imported milk is far too expensive. In- 
creasing the production of milk is very 
difficult for several agricultural and eco- 
nomic reasons. An enlarged dairy industry 
may be the solution to infantile malnutri- 
tion in prosperous countries in temperate 
regions; it is not an attainable ideal in this 
part of the world. The virtues of fish and 
meat preparations and of eggs should 
certainly not be overlooked, but in the long 
run the solution for the entire population 
will require measures on a larger scale. The 
people as a whole should be taught to con- 
sume more protein. The first necessity is 
that they learn to feed their toddlers in the 
postweaning period with larger quantities of 
protein. Sufficient quantities can only be 
obtained from vegetable sources. Data prior 
to 1942 show that for Java there were avail- 
able per capita per year: 82 kg. rice, 41 kg. 
maize, 151 kg. cassava, 27 kg. sweet po- 
tatoes, but only 5.7 kg. soybeans and 2.7 
kg. peanuts. In recent years the price of 
soybeans, green gram (the mung bean), 
and peanuts has not been much higher than 
that of rice. Soy beans and green gram 
could be made into excellent food for 
children. Experience indicates that various 
“vegetable milks’? can replace cow’s milk 
at a very early age and that they are ex- 
cellent therapy for kwashiorkor. Soybeans 
require a certain amount of processing, but 
roasted soybeans and meal are available in 
the most primitive surroundings. It is a 
major responsibility of the nutritionist in 
tropical countries to find sensible ways to 
introduce these superior vegetable proteins 
into the common diet. 

H. A. P. C. Oomen, M.D., D.Sc. 
World Health Organization 
Djakarta, Indonesia 
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THE ENERGY COST OF MUSCULAR EXERCISE 


The calorie requirements of population 
groups have been reviewed and a means for 
estimating them has been proposed in a 
report of the Committee on Calorie Re- 
quirements of the Food and Agriculture 
Organization of the United Nations (“Calorie 
Requirements,” FAO Nutrition Studies No. 
5, Washington (1950)). The influence of 
body size, sex, age and climate on food 
energy needs are considered in this report. 
It is shown that each of these factors con- 
ditions basal metabolic requirements. There 
is much less information available concern- 
ing the energy expenditures contingent on 
physical activity and the physiologic or 
other factors which influence them. 

K. Mahadeva, R. Passmore, and B. 
Woolf (J. Physiol. 121, 225 (1953)) of the 
University of Edinburgh have engaged in 
experiments dealing with the energy cost of 
standardized exercises and the results of 
these studies have been published recently. 
Two types of standardized muscular activity 
were utilized. Each was selected as a form 
of exercise commonly engaged in and in- 
fluenced relatively little by training or 
practice. One of these involved stepping up 
and on to a stool 10 inches high at a con- 
stant rate of 15 steps per minute for ten 
minutes. The other form of standardized 
exercise was walking on an indoor track for 
ten minutes at the uniform rate of 3 miles 
per hour. All experiments were done at 
room temperature ranging from 61 to 70°F. 
There were 50 subjects including individuals 
of both sexes, of different racial derivation 
and varying in body size and age. 

All subjects rested for thirty minutes, after 
which basal metabolic rates were deter- 
mined by usual procedures with subjects in 
the recumbent position. Individuals who 
were restless or unable to breathe easily 
through the mouthpiece of the respiratory 
apparatus were not included in the experi- 
mental group. Energy utilization during 
periods of standardized activity was de- 


termined by indirect calorimetry. The 
apparatus adapted for this purpose was that 
devised by E. Kofranyi and H. F. Michaelis 
(Arbettsphysiologie 11, 148 (1940)). This 
device consists of a dry gas meter which 
measures and automatically takes aliquots 
of uniform size from the air passing through. 
The air collected is stored in a rubber bag 
and later analyzed in the Haldane gas ap- 
paratus. This procedure has been demon- 
strated to be useful in measurement of 
energy expenditure during physical activity 
and to have advantages over other types 
utilized for this purpose (D. Orsini and R. 
Passmore, J. Physiol. 115, 95 (1951)). 

The effect of food on energy expenditure 
in the basal state as well as during physical 
exercise was determined. In a single subject 
it was demonstrated that a high protein 
diet caused a greater increase in energy 
expenditure than one which was high in 
content of either carbohydrate or fat, or 
which was a usual mixed diet. The diets 
consumed were not otherwise described so 
that it is not possible to calculate specific 
dynamic activity. However, the total 
contribution from food was small in com- 
parison with that expended in the stand- 
ardized muscular activity, accounting for 
no more than 5 per cent of the total. There- 
after, all experiments were begun half an 
hour after a light meal. 

The energy expended in the standard 
exercise of stepping was compared by 
statistical tests with the weight, height, age, 
sex, race and resting metabolism of the 
subjects. It was found that of these char- 
acteristics only one, that of body weight, 
importantly conditioned the metabolic cost 
of exercise. The mean energy expenditure 
was 48.2 calories per ten minutes for the 
group of subjects. Regression of this func- 
tion against body weight demonstrated that 
the metabolic cost was 0.66 times the weight 
in kilograms with a standard error of 3.02 
calories. Similarly, it was shown that of all 
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the characteristics considered only weight 
significantly influenced the energy ex- 
penditure of walking under standard con- 
ditions. In the subjects studied there was a 
mean expenditure of 44.5 calories for ten 
minutes of walking. The regression line 
derived indicated that the calories required 
were equal to 10.24 plus 0.47 times the weight 
in kilograms with a standard error of 3.7 
calories. 

These findings afford evidence that 
factors such as body surface area, age, sex 
and prior consumption of food which are 
important variants in the determination of 
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basal metabolic rates have no significant 
influence on the calorie cost of physical 
activity. Of course, it is apparent that work 
done relates to the weight moved. It is not 
surprising, therefore, that the metabolic 
cost is shown to relate directly to body 
weight. The experimental demonstration 
that body weight is the most important 
variable which must be considered in de- 
termining the energy needs deriving from 
expenditure of physical energy should be 
useful in determining calorie requirements 
of population groups in industry and in a 
variety of other activities. 


FECAL AND PLASMA LIPIDS ON FAT-FREE DIETS 


The question of the source of fecal lipids 
has recently been the subject of reinvesti- 
gation in an attempt to determine whether 
such lipids in man are derived from gas- 
trointestinal secretions or from dietary fat. 
Early studies by W. M. Sperry and W. R. 
Bloor (J. Biol. Chem. 60, 261 (1924); 
68, 357 (1926)) in dogs indicated that fecal 
lipid was to a large extent the result of 
excreted material rather than unabsorbed 
dietary fat. However, E. E. Wollaeger, 
M. W. Comfort, and A. E. Osterberg 
(Gastroenterology 9, 272 (1947)) found 
markedly greater amounts of fecal lipids in 
subjects taking high fat diets than in in- 
dividuals receiving moderate fat diets. 
They therefore concluded, contrary to other 
reports (J. H. Annegers, J. H. Boutwell, 
and A. C. Ivy, Jbid. 10, 486 (1948)) that 
dietary fat was the major factor in de- 
termining the amount of fecal lipid. 

The present investigation (E. E. Wol- 
laeger, W. O. Lundberg, J. R. Chipault, and 
H. L. Mason, Gastroenterology 24, 422 
(1953)) was conducted during the admin- 
istration to normal human subjects of the 
following regimens: (1) a general mixed 
diet, (2) a lipid-free diet, (3) the lipid-free 
diet with triolein isocalorically substituted 
for carbohydrate, and (4) a general mixed 


diet. Specimens taken during transition 
periods between regimens were discarded. 
The feces were analyzed for dry matter, 
total lipids, total and types of fatty acids, 
and for other constituents. During the 
metabolic periods repeated determinations 
of the plasma total fatty acid fraction and 
its composition were conducted. The diets 
used were made up principally of protein 
hydrolysates and gelatin, plus dextrimaltose 
and other types of carbohydrate. In addi- 
tion, the subjects received salt mixture and 
multiple vitamins in aqueous dispersion. 

During the control periods before and 
after the experimental periods, the total 
fecal lipids averaged 9 g. daily in the first 
subject and 6 g. in the second subject. 
When the lipid-free diet was instituted there 
was an abrupt drop to approximately 1.5 
g. per day in both subjects and when 
triolein was added the fecal lipid values rose 
to approximately 15 and 17 g. respectively. 
Changes in total fecal lipids were largely 
due to alterations in the fatty acid excre- 
tion which during the lipid-free period fell 
in the first patient to approximately 0.5 g. 
and to 0.4 g. daily in the second patient. 
During the triolein period fatty acid ex- 
cretion rose to approximately 5 g. and 3 g. 
daily respectively. These alterations were 
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not simply related to decrease or increase in 
total fecal weight, but total lipids and total 
fatty acids for each subject constituted a 
smaller percentage of total dry matter 
during the lipid-free diet and a much larger 
percentage during the triolein period than 
during control periods. 

The composition of the fecal lipids during 
the two control periods was essentially the 
same, and saturated, monoenoic, and dienoic 
acids were all present in significant amounts. 
Dienoic acids were not found in the feces of 
the triolein period of the first subject, but 
were present in all other periods in the 
first subject and in all periods in the second 
subject. The quantities of saturated and 
monoenoic acids diminished greatly during 
the lipid-free diet and increased when 
triolein was added. In the latter period 
most of the excess fatty acid was in the form 
of saturated acids in the first subject while 
in the second subject monoenoic acids 
accounted for the entire excess. In the 
first subject, saturated, monoenoic, and 
dienoic fatty acids were found in approxi- 
mately the same proportion in the feces in 
ach of the four study periods. Melting 
point determinations, however, indicated 
that there was a marked difference in the 
individual acids in each of these groups, 
suggesting that identical fatty acids were 
not excreted in all periods. In the lipid-free 
study the melting point ranges were sig- 
nificantly lower than during the control 
period and during triolein ingestion the 
melting points were higher. Finally, the 
neutralization equivalents of the fatty acid 
excreted during the lipid-free diet indicated 
that the composition of this fraction was 
quite different. Similar alterations during the 
three different diets were found in the 
second subject and the results, therefore, 
indicate that different fatty acids or dif- 
ferent proportions of various fatty acids 
were excreted with the different dietary 
intakes. Cholesterol was excreted in all 
periods, but in smaller quantity during the 
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second and third periods than during the 
control intervals. 

Plasma lipid analyses indicated a fall in 
the concentration of total plasma fatty 
acids during the lipid-free and _ triolein 
periods with a subsequent rise during the 
final control period. These changes were 
more marked in the first subject than in the 
second, but were probably significant in 
both individuals. The cholesterol in the 
plasma of both subjects dropped below the 
normal range during the lipid-free and 
triolein periods while variation was noted 
in the phospholipid results in that a sig- 
nificant fall occurred in the first individual 
and none in the second. Percentage com- 
position of the total plasma lipids was not 
significantly changed except for a fall in the 
percentage of dienoic acid during the lipid- 
free and triolein periods of the first patient. 

Nitrogen balances were determined dur- 
ing the lipid-free and triolein periods and the 
first subject was found to be in consistently 
negative nitrogen balance while the second 
was in positive balance. No explanation for 
this variation is offered except for the 
possibility that the first subject was an 
active person who was accustomed to taking 
more calories than he received on this diet. 

These studies suggest that the amount of 
fat in the diet largely, but not completely, 
influences fecal lipid excretion in man. 
Thus, since lipids continue to be excreted 
during the ingestion of a lipid-free diet such 
as this, it is clear that there is a certain 
portion of the fecal lipid which is probably 
derived from such sources as_ secretion, 
desquamation, or bacterial synthesis. How- 
ever, the finding of decreased amounts of 
fat when the dietary fat is decreased differs 
from the findings of Sperry and Bloor 
(see above) in dogs. It appears also that 
under these relatively artificial conditions 
the feeding of triolein does not result in 
efficient absorption of this fatty acid. The 
authors suggest that this may have been in 
part induced by the previous periods of lipid- 
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free diet. In addition, to explain partly the 
finding that during the triolein period a 
larger percentage of the total lipids con- 
sisted of saturated acids rather than of 
monoenoic acid, which might be expected 
from the ingestion of triolein, the authors 
refer to unpublished in vitro studies. This 
work revealed that in vitro incubation of 
triolein with feces results in the formation of 
saturated acids and a reduction in the 
amount of oleic acid present in the mix- 
ture. 

This work yields important data con- 
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cerning the mechanism by which lipid 
appears in human feces and although there 
are certain criticisms which occur in refer- 
ence to the effect of such an artificial diet, 
there appears to be no reasonable alter- 
native way to obtain a completely fat-free 
intake. The data also suggest that plasma 
lipids are only in small part controlled by 
variations in dietary lipids. It is to be 
hoped that similar investigations will reveal 
the mechanisms which are defective in 
steatorrheic states such as sprue, pancreatic 
disease and ulcerative colitis. 


THE FATE OF INTRAVENOUS FRUCTOSE 


In recent years the suitability of fructose 
as a substitute for glucose in parenteral 
feeding has been explored. An earlier review 
(Nutrition Reviews 9, 173 (1951)) sum- 
marized existing clinical studies indicating 
that the rate of assimilation of fructose was 
higher than that of glucose following in- 
travenous administration. Even at very 
rapid rates of fructose administration very 
little of the sugar appeared in the urine of 
normal human beings. 

In order to explain the apparent supe- 
riority of fructose the metabolic fate of 
fructose in man and in the dog has been ex- 
amined by T. E. Weichselbaum, H. W. 
Margraf, and R. Elman (Metabolism 2, 
434 (1953)). An attempt was made to study 
the conversion of fructose to glycogen by 
analyzing muscle and liver glycogen before 
and after the infusion of fructose to 4 
human subjects undergoing elective chole- 
cystectomy under gas-oxygen-ether and 3 
dogs under nembutal anesthesia. 

Under the conditions tested, which were 
far from ideal for glycogen deposition, only 
small and inconsistent changes in glycogen 
content were found. The changes which 
occurred in lactate and pyruvate have been 
correlated with the changes in blood carbon 
dioxide content and pH in 3 unanesthetized 


and 4 anesthetized patients. Fructose was 
administered intravenously at rates from 
1.5 to 3.0 g. per kilogram per hour, which is 
faster than is usually used clinically. A 
prompt rise in blood lactate and pyruvate 
levels was observed in all subjects with a 
concomitant fall in bicarbonate. In _ the 
unanesthetized human being this fall in 
bicarbonate and pH was not great. When 
fructose was given to patients under an- 
esthesia, acidosis was much more severe. 
In one case the bicarbonate fell from 25 
mEq per liter to 12 mEq per liter with a fall 
in pH from 7.44 to 7.18. Blood fructose levels 
rose higher when fructose was infused during 
anesthesia than when given to the same sub- 
ject without anesthesia. This finding sug- 
gests a mild impairment of liver function 
during general anesthesia. Because of the 
pH changes reported under such circum- 
stances, caution would be indicated in the 
administration of fructose to anesthetized 
patients. 

The assimilation of infused fructose by 
peripheral tissues was studied by measuring 
the arterio-venous difference in the con- 
centration of fructose. At the midpoint of 
infusion the arterial was found to 
contain from 13 to 51 mg. per cent more 
fructose than venous blood obtained from 


blood 
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the antecubital vein at arterial fructose 
levels of from 88 to 337 mg. per cent. The 
fact that negative arterio-venous differences 
as high as 42 mg. per cent were found after 
discontinuing the fructose infusion is of 
considerable theoretic interest. Because 
such negative arterio-venous differences are 
not observed following glucose infusions, 
measurements were made of the free fruc- 
tose in the peripheral tissues. In 8 patients 
receiving intravenous fructose muscle water 
was calculated to contain from 0.20 to 
0.57 as much fructose as plasma water. 
Much higher relative values of muscle 
water were found one minute after the end 
of a fructose infusion. Similar studies were 
made on 2 dogs receiving intravenous 
fructose. The muscle water was found to 
contain only 0.19 times as much fructose as 
was present in venous blood water when the 
concentration in blood was low. With high 
levels of blood fructose, achieved by ad- 
ministering a priming dose of fructose, the 
muscle water contained 0.89 times the 
amount in plasma water. The calculated 
concentration of free fructose in the skin 
water was found actually to exceed that of 
the plasma during and after the infusion of 
fructose in dogs. 

From these observations it may be con- 
cluded that fructose leaves the blood stream 
to enter the peripheral tissues. Fructose can 
apparently enter the intracellular water and 
exist in the free form in a concentration 
which approaches that of plasma water 
under conditions of fructose loading. The 
relative ease with which free fructose can be 
demonstrated to exist within intracellular 
muscle water contrasts with the absence of 
demonstrable free glucose within muscle 
under most conditions. It is only with high 
concentrations of extracellular glucose or 
when cellular metabolic processes have been 
slowed by cold that appreciable quantities 
of free glucose can be demonstrated in 
muscle water (C. R. Park, J. Clin. Invest. 
32, 593 (1953)). The latter investigator has 
found that the entrance of free glucose into 
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the cell is facilitated by insulin. The results 
of Weichselbaum and co-workers show that 
the cells of the skin are more permeable to 
fructose than are muscle cells. When the 
infusion of fructose is stopped the blood 
level of fructose falls rapidly due to hepatic 
removal (see above) and fructose diffuses 
back into the blood stream from the in- 
terstitial and intracellular water, frequently 
resulting in a negative arterio-venous dif- 
ference. 

The assimilation of fructose by the human 
liver was measured by hepatic vein catheteri- 
zation (A. I. Mendeloff and T. E. Weichsel- 
baum, Metabolism 2, 450 (1953)). The 
removal of fructose by the liver was cal- 
culated from the fructose level in hepatic 
venous and peripheral venous blood and the 
hepatic blood flow. At rates of intravenous 
infusion of fructose from 0.38 to 1.56 g. per 
kilogram per hour, the liver was found to 
remove from the blood between 32 and 48 
per cent of the fructose administered. Of the 
fructose removed by the liver 20 to 50 per 
cent was converted to lactate and pyruvate. 
The authors attempt to account for much 
of the remaining fructose as being due to an 
equal distribution throughout body water. 
On the basis of this assumption 36 to 49 
per cent of the administered fructose still 
existed as the free sugar at the end of the 
infusion. The justification of this assump- 
tion is hard to find in the preceding paper 
where the ratio of muscle intracellular water 
to that of fructose concentration in plasma 
water was 0.20 to 0.57 under comparable 
conditions. It would seem that less fructose 
can be accounted for as the free sugar in 
intracellular water. The conversion of 
fructose to glucose cannot be accurately 
estimated, but was estimated to be less than 
10 per cent of the amount given. Less than 
4 per cent of the infused fructose appeared 
in the urine. On the basis of these results the 
apparent rapid assimilation of fructose in 
normal man can be attributed to two 


factors: (1) a rapid rate of phosphorylation 
of fructose, particularly in the liver, with 
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eventual conversion to lactate, pyruvate, 
glucose, glycogen and other products; (2) 
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a much larger volume of distribution in 
body water than exists for glucose. 


THE ACUTE FATTY LIVER IN MAN 


The experimental production of fatty 
livers in animals and the recognition of 
nutritional factors important in preventing 
this lesion have been active areas of in- 
vestigation in the last decade (Nutrition 
Reviews 8, 346 (1950); 9, 329 (1951); 
10, 187 (1952)). It has been demonstrated 
that a diet containing adequate quantities 
of protein of good quality, methionine and 
choline is important in protecting against 
the lesion. The syndrome of kwashiorkor or 
malignant malnutrition in infants and 
young children in native populations of 
Africa has been found to be accompanied by 
accumulation of fat in the liver and to relate 
to diets containing inadequate protein 
(Ibid. 10, 297 (1952)). Clinical recognition 
of acute fatty liver in the United States is 
most frequent in adults, particularly in 
chronic alcoholics. A recent report describes 
this syndrome in 102 patients and con- 
siders the etiologic factors which pertain 
(C. M. Leevy, M. R. Zinke, T. J. White, 
and A. M. Gnassi, Arch. Int. Med. 92, 527 
(1953)). 

All of the patients were adults except one, 
a child 4 years of age. Eighty-six consumed 
alcoholic beverages in excessive amounts. 
Eleven had diabetes mellitus. In each 
patient the diagnosis of fatty liver was made 
after examination of biopsy specimens of 
liver obtained by punch biopsy. Micro- 
scopic sections of tissue were stained for fat. 
The severity of fatty metamorphosis was 
graded as mild, moderate, or severe after 
determination of the proportion of the total 
area of the section occupied by fat deposits. 
Although this procedure cannot be assumed 
to afford an absolute or quantitative ap- 
praisal of the fat deposited in the liver, it 
does give a gross or rough approximation of 
fat stores in that organ and provides ob- 


jective evidence of damage to the liver 
parenchyma associated with fatty in- 
filtration. By this means of histologic assay 
30 of the 102 patients were determined to 
have fatty changes in the liver of mild 
degree, while in 41 there were moderate 
changes and in 31 severe manifestations of 
the lesion were found. 

Consideration was given to the patterns of 
food consumption of these patients in the 
effort to ascertain which nutritional factors 
are important etiologically. Complete diet 
records were not available. Of 18 patients 
who had consumed only carbohydrate foods 
for prolonged periods of time, 17 had severe 
fatty metamorphosis of the liver. Diets were 
stated to be grossly deficient in protein foods 
in 47 patients. Of this number 40 had 
moderate or severe changes of fatty in- 
filtration. The food consumption pattern of 
37 patients was characterized by adequate 
diet interrupted at intervals by poor food 
intake, most often associated with bouts of 
drinking. Twenty of this group had only 
mild evidences of fatty liver and in the 
remainder changes were of moderate extent. 
Reduced intake of calories or starvation 
were found not to be associated with ex- 
tensive morphologic evidences of fat in the 
liver. Most important to the evolution of the 
clinical lesion seemed to be a diet limited 
almost entirely to carbohydrate foods or 
containing totally inadequate quantities of 
protein. The authors conclude that fat 
deposition is roughly proportional to the 
lack of lipotropic substances in the diet. 
This deduction is made from the general 
character of patterns of food consumption 
and not from the more specific information 
which might be made available through 
accurate records of food ingested or chemical 
analysis of aliquots of representative foods. 
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The role of alcohol in producing the lesion 
was assessed. The authors state that in 
other clinical experience which is not re- 
corded in this paper they have observed 
that many individuals who habitually con- 
sume large quantities of aleoholic beverages 
have no abnormalities of liver structure. 
In this group of 102 patients, 86 used alcohol 
frequently or in excess. There was no re- 
lationship demonstrated between the quan- 
tity or pattern of consumption of alcohol 
and the degree of fatty metamorphosis in the 
liver. Also, the type of beverage consumed 
seemed to be of no causative significance. 
However, most severe fatty infiltration 
occurred in patients who ingested large 
quantities of alcohol and a diet composed 
entirely or largely of carbohydrate foods. 

In other patients there was presumptive 
evidence that metabolic defects associated 
with gastrointestinal disease, diabetes mel- 
litus, heart failure and chemical intoxication 
were important in determining the oc- 
currence of fatty liver. It is stated also that 
the severity of the change in the liver of 
obese patients was proportional to the 
degree of obesity. Other observers have 
demonstrated the frequent association of 
liver damage with obesity (Nutrition Re- 
views 10, 325 (1952)), and in many instances 
fatty metamorphosis has been observed. 

The clinical signs and symptoms recorded 
in the study of this group of patients were 
analyzed. The most common observation 
was enlargement of the liver, hepatomegaly 
occurring in 84 per cent of the group. 
The liver was tender in about 25 per cent. 
The patients occasionally complained of 
abdominal pain and in two of these the 
pain was severe enough to warrant surgical 
exploration. Other physical signs of less 
common occurrence were jaundice, ascites 
and peripheral edema, spider angiomata and 
splenomegaly. Delirium tremens, peripheral 
neuritis and glossitis accompanied the 
acute fatty liver in many patients. 

Blood analyses and tests of liver function 
were done on most of the patients. Thirty- 
seven were found to be anemic, with red 
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blood cell counts of less than 4,000,000. 
Elevation of fasting concentrations of blood 
sugar to hyperglycemic levels was deter- 
mined in 19 patients. Of this group, 11 had 
diabetes mellitus with fatty liver developing 
secondary to that disease. Eight patients, 
who were found to have hyperglycemia and 
glycosuria on admission, were free of these 
abnormalities after treatment and mobiliza- 
tion of fat deposits from the liver. Another 
interesting observation was that of al- 
buminuria in more than half of the group, a 
finding which was accompanied by transient 
slight elevation of the nonprotein content of 
serum in a number of patients. These evi- 
dences of abnormality in kidney function 
disappeared with dietary treatment of the 
fatty liver. However, the authors point out 
that they have observed albuminuria fre- 
quently in other patients with chronic 
alcoholism but without fatty metamorphosis 
of the liver. 

Tests of liver function demonstrated the 
frequent occurrence of decreased serum 
albumin, elevation in serum globulin, hy- 
percholesterolemia, retention of bromsul- 
falein, and hyperbilirubinemia. Of these the 
retention of bromsulfalein seemed to parallel 
most consistently the degree of fatty in- 
filtration. There was no important correla- 
tion between the severity of the lesion and 
other tests of liver function. As is pointed 
out, certain of the abnormalities observed 
may also be associated with malnutrition 
unassociated with fatty liver. 

The most interesting and perhaps most 
significant findings which are recorded in 
this report pertain to the morphologic ex- 
amination of the liver biopsy specimens. 
It is demonstrated that fat accumulates in 
both intracellular and extracellular sites. 
Moreover, all stages in the evolution and 
rupture of fatty cysts were observed, provid- 
ing demonstration of a sequence of events in 
fatty liver in man which is similar to that 
originally described by W. 8. Hartroft in 
experimental dietary cirrhosis in animals 
(Anat. Record 106, 61 (1950); Tr. Ninth 


Conference on Liver Injury, p. 109, Josiah 
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Macy, Jr. Foundation, New York (1950)). 
Small intercellular globules of fat were seen 
to coalesce forming larger globules which 
displace the liver cell nucleus. These larger 
globules then merged to produce cyst-like 
structures which eventually ruptured, pro- 
ducing inflammation of a lymphocytic type 
in the surrounding tissue. No morphologic 
evidence was found of a relationship be- 
tween rupture of fatty cysts and liver cell 
regeneration or the development of fibrous 
connective tissue, however. 

With treatment by diet intracellular fat 
was mobilized more rapidly than that in 
extracellular sites, the former usually dis- 
appearing within three weeks while a further 
period of one to three weeks was required 
before extracellular fat disappeared. As 
fatty cysts decreased in size, lipid was de- 
posited in the cyst walls and the compressed 
cells in the walls regained the appearance of 
normal hepatic cells. Focal areas of lym- 
phocytic infiltration persisted. Repeat biopsy 
of the liver in a few patients who continued 
to eat poorly and to consume large quanti- 
ties of alcohol gave evidence of the evolu- 
tion of fibrous changes compatible with 
those of portal cirrhosis. 

It was found that a diet stated to contain 
an adequate amount of protein and lipo- 
tropic substances plus bed rest afforded 
effective treatment for fatty metamorphosis 
of the liver, permitting transformation of 
even severe changes to normal liver struc- 
ture within a six-week period. This occurred 
on diets containing either relatively large or 
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small quantities of fat. The addition of 
dietary supplements such as multivitamin 
preparations, choline, methionine and vita- 
min By, or the administration of adrenal 
steroids did not increase the rate of removal 
of liver fat. The parenteral administration of 
vitamin By, however, was reported to be 
effective in patients who for one reason or 
another were unable to consume adequate 
quantities of the diet. given as therapy. 

The evidence afforded indicates the im- 
portance of early diagnosis of fatty liver, 
since the syndrome represents a deficiency 
disease which is reversible, but, if not treated 
promptly, it may lead to the development of 
fibrous changes and cirrhosis. In addition to 
proper diet, other efforts must be directed at 
rehabilitation of alcoholic patients. More- 
over, it is important to plan for weight re- 
duction in obese patients with acute fatty 
liver. 

The report of Leevy and co-workers 
(loc. cit.) provides a new and more adequate 
description of the natural history of fatty 
liver in man, particularly as it affects adult 
members of the population in the United 
States. The procedure which made this 
investigation possible was that of liver 
punch biopsy. It is hoped that other studies 
of this type will be undertaken. That nu- 
tritional deficiency, particularly of protein, 
is of prime significance in the etiology of 
fatty liver is again demonstrated, as is the 
prompt and early response to treatment 
with a diet adequate in content of protein 
and substances with lipotropic activity. 


UREA AS A PROTEIN REPLACEMENT FOR RUMINANTS 


As recently as 1937 it was commonly be- 
lieved that simple nitrogen compounds such 
as urea could not be converted to protein in 
sufficient quantity in the digestive tract of 
the ruminant to be of any practical value as 
substitutes for protein in the ration. In the 
past sixteen years, however, much evidence 
has accumulated to establish with certainty 
that urea can effectively replace a part of 


the protein fraction of rations for ruminants. 
J. T. Reid of Cornell University has recently 
prepared an excellent review (J. Dairy 
Sct. 36, 955 (1953)) in which he has at- 
tempted to define the production conditions 
(growth, fattening, milk production, etc.) 
under which it is feasible to replace a 
portion of the protein in the ration with 
urea. 
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Experiments dealing with nitrogen bal- 
ance, ruminal ingesta composition, body 
composition, and the use of isotopic tracers 
have served as means of establishing with 
certainty that urea nitrogen is converted to 
protein nitrogen. The conversion is mediated 
by the microorganisms of the rumen and 
reticulum. Subsequent digestion of the 
microorganisms avails the host animal of 
the converted nitrogen. 

It is generally agreed that the type of 
ration most favorable for maximum con- 
version of urea nitrogen to protein nitrogen 
is one that is relatively low in protein and 
high in starch. Highly soluble and readily 
hydrolyzable proteins in the ration, such as 
casein and albumin, tend to depress the 
conversion of urea to protein. This is an 
indication that rumen microorganisms per- 
haps utilize protein nitrogen in preference to 
urea nitrogen for growth and reproduction. 

With regard to energy sources for 
optimum growth of the microorganism of 
importance in nitrogen conversion, it is 
generally agreed that starch is most suit- 
able. Free sugars are believed to disappear 
from the rumen too rapidly to serve as an 
effective energy source whereas cellulose is 
made available too slowly to satisfy the 
needs of the organisms. 

The age of the animal has an influence on 
the extent to which dietary protein can be 
replaced by urea. This may be related to the 
extent to which the ruminating function has 
developed. Two-month-old calves can utilize 
some urea for growth but proportionately 
less than can older calves. The superior 
response of milk cows, older steers, and 
mature ewes, as contrasted with that of 
calves and lambs, is believed to be ac- 
counted for in a more nearly equal efficiency 
of utilization of urea nitrogen and protein 
nitrogen by the older animals. 

The need for sulfur appears to be greater 
for sheep than for cattle, probably because 
of the quantity of sulfur amino acids needed 
for wool production. Consequently, it is 
generally possible to improve the nitrogen 
utilization from urea in sheep rations by the 
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addition of sulfur amino acids or inorganic 
sulfur (elemental or sulfates). The sulfur 
requirement of ruminants has not been 
definitely established and the need for 
supplemental sulfur in urea-containing ra- 
tions is thus far not well established. 

Urea, when ingested, is rapidly hydro- 
lyzed to ammonia. Unless there is rapid 
conversion (microbial protein synthesis), a 
considerable quantity of the ammonia is 
absorbed through the rumen wall and lost 
via the kidneys. Similar nitrogen losses are 
believed to be the explanation for the in- 
efficient utilization of readily hydrolyzable 
proteins (casein and albumin) by ruminants. 
Reid has suggested that further work is 
needed to determine whether urea prepa- 
rations could be formulated that would 
render urea more slowly soluble and thus 
minimize the losses via ammonia. In this 
connection the suggestion has been ad- 
vanced by the British that the relatively 
greater success in the United States with 
urea as a protein replacement in the ration 
of ruminants may be related to the more 
abundant use of corn in ruminant rations in 
this country. The proteins of corn are be- 
lieved to assume a pasty impenetrable mass 
in the rumen and thus may serve to reduce 
the rate of hydrolysis of urea fed in combi- 
nation with it (Nutrition Reviews 10, 339 
(1958)). 

Reid concludes that dairy and _ beef 
calves four months of age utilize urea 
nitrogen about 80 to 90 per cent as ef- 
ficiently as protein nitrogen for growth. 

For fattening cattle, urea nitrogen is 
about equal to protein nitrogen when urea 
provides 20 to 25 per cent of the total 
nitrogen in the ration. When urea nitrogen 
exceeds 25 per cent of the total nitrogen in 
the ration, its value is less than that of 
protein for fattening. 

Urea has not proved consistently effective 
as a protein substitute for fattening lambs, 
although some published results suggest 
that 25 per cent of the nitrogen as urea in 
rations produces satisfactory results. In 
pregnant or lactating ewes about one third 
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of the total nitrogen can be satisfactorily 
supplied in the form of urea. 

With lactating dairy cows, 27 per cent of 
the total nitrogen requirement can be as 
effectively supplied in the form of urea as in 
the form of protein. This is generally equal 
to about 1 per cent of urea in the total 
ration. 

It should be emphasized that the manner 
in which urea is incorporated into feeds and 
the extent to which urea is uniformly mixed 
with the other feed ingredients is of great 
importance. Relatively small quantities of 
urea, undiluted by feed and introduced 
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suddenly into the digestive system, usually 
result in rapid onset of toxicosis. 

From the presently available data, it 
would appear that more studies are needed to 
determine the optimum conditions for the 
rapid growth and multiplication of those 
rumen microorganisms which are responsible 
for the conversion of simple nitrogen com- 
pounds into protein. It seems evident that 
precise information regarding the nutritional 
requirements of the rumen flora is needed. 
Such information would serve as a basis 
for formulating feeds in which greater 
protein replacement by simple nitrogen 
compounds might be feasible. 


ENERGY INTAKE AND NITROGEN METABOLISM 


The relation between energy intake and 
nitrogen balance or nitrogen turnover has 
been extensively investigated in the past. 
There is general agreernent that protein is 
catabolized at an increased rate when the 
caloric intake is markedly reduced. The 
extra protein broken down, above and be- 
yond the normal turnover, presumably 
furnishes some additional calories for main- 
tenance of bodily function. Relatively few 
studies, however, have been carried out with 
the aim of furnishing information about the 
precise interrelationship between caloric in- 
take and nitrogen turnover. One recent addi- 
tion is a paper by H. N. Munro and D. J. 
Naismith (Biochem. J. 54, 191 (1953)). In 
this work nitrogen metabolism was studied 
using (1) diets containing no protein but 
furnishing a variable caloric intake and (2) 
diets adequate in protein with variable ca- 
loric content. 

Male albino rats approximately 5 months 
old and of nearly identical body weights 
were used in these experiments. The basic 
dietary regimen involved feeding a vitamin- 
mineral-roughage mixture at 9 a.m. At 5 
p.m. a mixture of 2.8 g. of casein, 1.0 g. of 
starch, 1.0 g. of glucose and 0.5 g. of fat was 
administered. This was sufficient to furnish 
daily about 800 to 900 calories per square 


meter of body surface. The animals main- 
tained on protein-free regimens received the 
same ration as described above, except that 
the 2.8 g. of casein was replaced by an equiv- 
alent amount of starch and glucose in 1:1 
ratio. Increased caloric intake was achieved 
by adding carbohydrate or fat to the vita- 
min-mineral-roughage mixture fed at 9 a.m. 
Before the experiments were begun, the 
rats received 1200 calories per square meter 
of surface area per day for a period of seven 
days in order to accustom them to the new 
rations. The experimental levels of energy 
intake, ranging from 800 to 1700 calories 
per square meter per day, were maintained 
over a four-day period, during which time 
urine and feces were collected for chemical 
analysis. At the end of the experimental 
period the animals were killed. Liver and 
other viscera were analyzed for nitrogen. 
The nucleic acid and phospholipid contents 
of the livers were determined. The collected 
urine and feces samples were analyzed for 
total nitrogen. 

These experiments showed a linear re- 
lationship between energy intake and change 
in body weight, the influence of added energy 
intake being greater with diets containing 
protein than with the protein-deficient 
ration. Increasing the caloric intake of the 
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experimental animals resulted in an in- 
creased nitrogen balance in the animals re- 
ceiving the protein-containing diet, but had 
little effect on animals receiving the protein- 
free ration. This was true whether the addi- 
tional calories came from carbohydrate or 
from fat. The addition of carbohydrate cal- 
ories to a protein-free diet resulted in some 
slight improvement in nitrogen balance as 
the caloric intake was increased from about 
900 calories to approximately 1200 calories 
per square meter per day. 

The addition of either carbohydrate or 
fat to a protein-containing basal ration re- 
sulted in an increased nitrogen content of the 
liver. The relationship between liver nitrogen 
and caloric intake was approximately linear. 
Addition of carbohydrate or fat to the pro- 
tein-free ration resulted in a slight decrease 
in liver nitrogen content. These experiments 
point out once again the dramatic changes 
in liver nitrogen content which may be ob- 
served under a variety of dietary conditions. 

Although these experiments showed the 
well-known protein-sparing action of carbo- 
hydrate and of fat when the diets contained 
substantial quantities of protein, little or 
no sparing action was observed with the 
protein-free ration. Data on heat production 
under the several experimental conditions 
employed would have been extremely useful 
in the interpretation of the results. Un- 
questionably, the heat production of the 
experimental animals maintained on calorie- 
low regimens would have been significantly 
less than the heat production of animals re- 
ceiving a more adequate caloric intake. This 
in turn could influence the amount of protein 
oxidized or metabolized for energy-yielding 
purposes. 

In a companion paper, H. N. Munro, D. 
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J. Naismith, and T. W. Wikramanayake 
(Biochem. J. 54, 198 (1953)) have reported 
on the influence of energy intake on ribo- 
nucleic acid metabolism. This study was 
motivated by postulated relationships be- 
tween ribonucleic acid and protein synthesis. 
The livers employed in this study were in 
part from the animals used in the experi- 
ments reported above. The addition of either 
carbohydrate or fat to the protein-contain- 
ing basal ration resulted in a linear increase 
in total liver ribonucleic acid. The addition 
of extra calories from carbohydrate or fat 
to the protein-free ration produced no sig- 
nificant effect on liver ribonucleic acid con- 
tent. 

Supplementary experiments on the in- 
corporation of inorganic P® into ribonucleic 
acid were also carried out. When the uptake 
of P® by ribonucleic acid was expressed as 
relative specific activity (specific activity of 
ribonucleic acid phosphorus divided by 
specific activity of liver inorganic phosphate) 
variations in energy intake had no effect on 
the uptake of P® when diets contained sub- 
stantial quantities of protein. On the other 
hand, with the protein-free ration the addi- 
tion of carbohydrate considerably increased 
P® uptake by ribonucleic acid. With both 
the protein-free and the protein-containing 
rations the addition of sources of energy 
stimulated the absolute rate of uptake of 
P® by ribonucleic acid. 

These interesting studies, while shedding 
some new light on the problems of protein 
metabolism, still leave unanswered such 
questions as the relationship between ribo- 
nucleic acid and protein synthesis, as well 
as the quantitative aspects and precise 
mechanism of the protein-sparing action of 
carbohydrates and fats. 


VITAMIN B, DEFICIENCY AND DIETARY PROTEIN 


The relation of vitamin Bs to protein 
metabolism has been the subject of previous 
reviews. Pyridoxal phosphate 


has been 


found to be a coenzyme for deaminase 
(Nutrition Reviews 4, 232 (1946)). The 
tissues of vitamin Bg-depleted animals have 
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been shown to have a low transaminase 
content and the enzymatic activity is re- 
stored after the readministration of pyri- 
doxine (/bid. 6, 295 (1947)). A high intake 
of dietary protein also lowers the level of 
body vitamin Beg under certain experimental 
conditions, whereas a low dietary protein 
intake has a protective action on tissue 
vitamin Bs content (/bid. 5, 170 (1947)). 

The relation of dietary protein and 
vitamin B, has been reinvestigated by E. 
F. Caldwell and E. W. McHenry of the 
University of Toronto (Arch. Biochem. 
Biophys. 44, 396 (1953)). These workers 
have studied the rate of urea formation by 
liver slices of vitamin Be-deficient rats 
because it was found that the level of blood 
urea of such rats was elevated. Rats fed a 
diet containing 20 per cent casein and de- 
ficient in pyridoxine for six weeks were 
found to have a blood urea content sig- 
nificantly higher than control groups. The 
in vitro production of urea by liver slices 
from a simple medium containing ammonia 
and lactate as substrates was elevated in 
vitamin B,-deficient rats. It was also found 
that a sex difference existed whereby the 
blood urea and hepatic urea production of 
female rats was higher than in males. 

An attempt was made to localize the re- 
actions responsible for the increased urea 
formation. The formation of urea by liver 
slices of vitamin Be-deficient and pair-fed 
control rats incubated in a medium contain- 
ing 30 mg. per cent of ornithine was de- 
termined. Vitamin Be-deficient female rats 
produced significantly more urea than con- 
trol rats under these conditions. The dif- 
ference in urea production between vitamin 
B--deficient and control male rats was not 
significant. 

The effect of protein depletion and re- 
pletion on hepatic urea formation was next 
investigated. Two groups of rats were fed a 
5 per cent casein diet deficient in vitamin 
Bs. Two control groups of rats were fed the 
same diet supplemented with pyridoxine. 
After four weeks the hepatic urea production 
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of one vitamin B,-deficient and one control 
group was determined. Under these cir- 
cumstances the vitamin Be-depleted animals 
had a lower blood urea than did the controls 
and the liver slices elaborated less urea. 
The remaining groups of rats were fed a 20 
per cent casein diet for two weeks to restore 
body protein. The blood urea and urea 
production by liver slices of the vitamin Be- 
deficient rats was now higher than that of 
the control rats. 

Because the injection of alanine into 
vitamin B,-deficient animals had _ been 
reported to cause a prolonged rise in blood 
urea, the effect of alanine on hepatic urea 
production was measured. Following the 
intraperitoneal injection of alanine there 
was a fall with time of the urea production 
of both deficient and control rats. After 
twelve hours the increased urea production 
by hepatic slices from vitamin Be-deficient 
animals had approached the urea produc- 
tion of hepatic slices from control animals. 
This fall in urea production was interpreted 
as inhibition due to product (urea) ac- 
cumulation. 

Further observations on the enzymatic 
derangements of the vitamin Be-deficient 
rat have been published by E. F. Caldwell 
end E. W. McHenry (Arch. Biochem. 
Biophys. 45, 97 (1953)). In these studies the 
activities of the aspartic-glutamic and 
alanine-glutamic transaminases of rat liver 
were determined with diets containing 
different amounts of casein in the presence 
and absence of pyridoxine. Rats were fed a 
diet containing 20 per cent casein for six 
and eight weeks. No significant difference 
could be established in the aspartic-glutamic 
transaminase activity of liver from vitamin 
Be-depleted and control animals receiving 
pyridoxine. After a period of eleven weeks 
a decrease in the activity of both types of 
transaminases was manifest in liver slices 
from vitamin B,-deficient rats when com- 
pared to liver slices from pair-fed control 
rats receiving pyridoxine. On diets contain- 
ing 50 per cent and 94 per cent casein the 
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differences between vitamin B,-depleted 
and pair-fed control rats was demonstrable 
at an earlier period. Inanition augmented the 
transaminase activity of the liver and it was 
necessary to compare the vitamin-deficient 
rats with pair-fed controls rather than with 
control rats fed ad libitum. 

The effect of protein depletion and re- 
feeding on liver transaminase activity was 
observed in the animals used in the experi- 
ments on urea production. Rats were fed a 
5 per cent casein diet for four weeks. The 
levels of both types of transaminases fell 
significantly in the  pyridoxine-deficient 
group as compared to the control group. 
When the period of protein depletion was 
followed by repletion with a 20 per cent 
casein diet for two weeks the enzymatic 
activity rose so that the aspartic-glutamic 
transaminase activity of the vitamin Be- 
deficient animals was similar to the control 
groups. The alanine-glutamic transaminase 
of the vitamin Be-depleted animals remained 
significantly lowered. 
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The results of these experiments are 
paradoxic in that urea production is in- 
creased in vitamin Bg deficiency at the 
same time that there is a decrease in the 
activity of transaminases. It is hard to 
provide a simple explanation for this finding 
in view of the observation that glutamic acid 
is active in urea formation only by trans- 
amination (S. Ratner and A. Pappas, J. 
Biol. Chem. 179, 1183 (1949)). The reduc- 
tion in transaminase activity in liver can 
most readily be demonstrated when the 
dietary casein is raised or lowered from a 
value of 20 per cent. The authors conclude 
that these alterations of diet favor a more 
rapid total metabolism of protein either as 
synthesis or breakdown and that there is a 
greater requirement for pyridoxine under 
these conditions. Although, as the authors 
state, much of their observations confirms 
and extends earlier findings, these papers do 
emphasize the interesting and complicated 
interrelations of pyridoxine action and 
protein metabolism. 


BIOSYNTHESIS OF RIBOFLAVIN 


Many substances later shown to be vita- 
mins for animals were first discovered to 
be growth factors for microorganisms. The 
report of R. J. Hickey (J. Bact. 66, 27 (1953)) 
is of considerable interest because it suggests 
that the microorganism Eremothecium ash- 
byt requires two unidentified nutritional 
factors. This organism synthesizes ribo- 
flavin and is used as a commercial source of 
that vitamin. Hickey studied the effect of 
various alterations in the mediums on the 
rate of riboflavin synthesis. The organism 
was incubated in liquid mediums and after 
a three- to six-day growth period samples 
of the incubation mixture were steamed, 
then centrifuged, and the supernatant was 
assayed for riboflavin fluorophotometrically. 

In the first experiments the basal medium 
contained the following per liter: glucose, 
5 g.; KeHPOg,, 1 g.; KHePO,, 1 g.; MgSO,- 


7H.O, 0.7 g.; NaCl, 1 g.; i-inositol, 6.7 mg.; 
thiamine, 0.5 mg.; biotin, 0.34 micrograms. 
A study was made of the effect on riboflavin 
synthesis of supplementing this medium with 
various amino acids. The single amino acid 
supplements were added at a concentration 
of 2 g. per liter. Best results were obtained 
with L-asparagine, t-glutamic acid, and 
L-aspartic acid. These additions increased 
the yield of riboflavin from 4 micrograms 
per milliliter to 87, 86, and 80 micrograms 
per milliliter respectively. When various 
mixtures of amino acids were tested the 
best results were obtained with 0.8 per cent 
glutamate and 0.2 per cent casamino acids 
(Difco, vitamin-free). Under these condi- 
tions the riboflavin production was 205 
micrograms per milliliter for the six-day 
incubation period. It was not possible to 
increase riboflavin production beyond this 
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figure with any of the amino acid mixtures 
tested or with a number of ash residues. 
Additional studies were then designed to 
investigate the requirements of the organism 
for additional organic growth factors. 

The basal medium employed for the re- 
maining experiments contained the follow- 
ing ingredients per liter: maltose, 10 g.; 
glucose, 15 g.; KeoHPOx,, 1 g.; KH2PO,, 1 g.; 
NaCl, 1 g.; MgSO,-7H.0O, 0.7 g.; FeSO,- 
7H,0, 5 mg.; i-inositol, 30 mg.; thiamine, 
1.5 mg.; biotin, 0.7 micrograms. This 
medium was designated medium B. When 
medium B was supplemented with 0.95 per 
cent monosodium glutamate, 0.6 per cent 
leucine, and 0.5 per cent asparagine, no in- 
crease in riboflavin production was obtained 
by the addition of niacin, niacinamide, 
pantothenic acid, pyridoxine, para-amino- 
benzoic acid, folacin, thymine, adenine, 
xanthine, guanine, uracil, or vitamin Bi» 
concentrate (reticulogen). The addition of 
0.01 per cent yeast extract, 0.1 per cent yeast 
extract, or 0.3 per cent tryptic digest of 
gliadin to the amino acid-supplemented 
basal medium increased riboflavin produc- 
tion from 157 micrograms per milliliter to 
650, 600, and 405 micrograms per milliliter 
respectively. These supplements also in- 
creased the growth of the organism. Thus 
it appeared that yeast extract and gliadin 
contained one or more nutritional factors for 
the organism. 

Since earlier work had indicated an effect 
of lipids on riboflavin synthesis by EF. ash- 
byit (A. 8S. Phelps, U. 8. Patent 2,473,818 
(1949)), Hickey studied the effect of sodium 
oleate. The basal medium was medium B 
supplemented with 2 per cent glutamic acid, 
2 mg. per cent boric acid, 2 mg. per cent 
manganese sulfate, and 50 mg. per cent 
calcium chloride. The addition of 0.1 per 
cent yeast extract or 0.1 per cent sodium 
oleate to the medium increased riboflavin 
production from 67 micrograms per milliliter 
to 495 and 460 micrograms per milliliter 
respectively for the three-day growth period. 
The combination of yeast extract and sodium 
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oleate did not improve riboflavin production 
beyond that obtained when the supplements 
were added separately. Other experiments 
indicated that the optimum concentration 
of sodium oleate was between 0.05 and 0.07 
per cent. 

Experiments were next conducted in which 
the basal medium was medium B supple- 
mented with 1.9 per cent monosodium gluta- 
mate, 0.06 per cent sodium oleate, 2 mg. per 
cent boric acid, 2 mg. per cent manganese 
sulfate and 50 mg. per cent calcium chloride. 
The addition of 0.1 per cent gliadin or 0.1 
per cent Labco vitamin-free casein increased 
riboflavin production from 235 micrograms 
per milliliter to 580 and 560 micrograms per 
milliliter respectively for the three-day 
growth period. Several other supplements 
including different casein preparations were 
without effect. Thus it appeared that EF. 
ashbyii required two unidentified factors, 
one of which was supplied by sodium oleate 
or yeast extract and the other by gliadin 
or Labco casein. 

Additional experiments were conducted 
to determine the optimum concentration of 
casein. The basal medium fortified with 
sodium oleate and monosodium glutamate 
was supplemented with various levels of 
the Labco vitamin-free casein added at the 
expense of glutamate. The optimum level of 
casein was found to be 1 per cent, at which 
level riboflavin production was 1040 micro- 
grams per milliliter for the three-day growth 
period. 

The final experiments were designed to 
study the relative effectiveness of sodium 
oleate and yeast extract in supplying the 
unidentified factor required by the micro- 
organism. The basal medium fortified with 
glutamate and 0.1 per cent Labco vitamin- 
free casein was supplemented with various 
levels of yeast extract and sodium oleate 
and the yield of riboflavin obtained in three 
days was measured. Riboflavin production 
in the absence of yeast extract and oleate 
was 100 micrograms per milliliter. When 
oleate or yeast was added at a concentration 
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of 0.005 per cent, riboflavin production as 
micrograms per milliliter was 300 and 455 
respectively. When added at a concentra- 
tion of 0.03 per cent, oleate resulted in the 
production of 480 micrograms of riboflavin 
per milliliter while yeast at the same con- 
centration gave 670 micrograms per milli- 
liter. At a concentration of 0.07 per cent, 
oleate and yeast extract resulted in ribo- 
flavin production of 420 and 735 micro- 
grams per milliliter respectively. Thus it 
is apparent that for riboflavin production 
by the organisms yeast extract was more 
effective per unit weight than was sodium 
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oleate. This clearly indicates that the ac- 
tivity of the yeast extract was not due solely 
to its oleate content. The possibility exists 
that yeast supplied a factor required by the 
organism for the synthesis of oleic acid. 

These experiments indicate that for maxi- 
mum riboflavin production the organism EL. 
ashbyii requires at least two unidentified 
nutritional factors. One is supplied by yeast 
extract or sodium oleate, the other by certain 
caseins or gliadin. The relatively rapid assay 
procedures for these factors should facilitate 
further work directed toward their isolation 
and chemical characterization. 


THE ROLE OF ESSENTIAL AND NONESSENTIAL AMINO ACIDS 
IN MAINTAINING LIVER XANTHINE OXIDASE 


The effects of dietary protein in maintain- 
ing liver xanthine oxidase have been discussed 
(Nutrition Reviews 11, 23 (1953)). It was 
pointed out that an adequate intake of good 
quality protein is necessary to maintain 
normal levels of rat liver xanthine oxidase. 
The report of G. Litwack, J. N. Williams, 
and C, A. Elvehjem (J. Biol. Chem. 201, 
261 (1953)) is of interest in this connection. 
These workers studied the influence of feed- 
ing essential and nonessential amino acids, 
ammonium salts and urea on rat liver xan- 
thine oxidase. 

The basal diet was a purified type con- 
taining the usual vitamins, salts, corn oil 
and sucrose. There were five rations which 
differed in their nitrogen source. One diet 
contained only nonessential amino acids as 
the nitrogen source; this mixture was given 
at a level of 7.3 per cent. The per cent com- 
position of the nonessential amino acid 
mixture was glycine 2.2, pi-alanine 8.9, 
pL-serine 4.5, L-cystine 4.5, L-tyrosine 13.4, 
and .L-glutamic acid 66.5. The other diets 
contained 8 per cent of a mixture of the ten 
essential amino acids. One of the rations 
contained only the essential amino acids 
as a nitrogen source; the others contained 


the essential amino acids plus supplements 
of nonessential amino acids, urea, or am- 
monium citrate. These supplements were 
added at a level to supply 0.743 per cent 
nitrogen in the total ration. These diets 
were fed to weanling male Sprague-Dawley 
rats for twenty-eight days, after which the 
livers were assayed for xanthine oxidase. 
The average weekly weight changes on 
the various rations were: nonessential amino 
acids, —2.4 g.; essential amino acids (EAA), 
+5.1 g.; EAA plus nonessential amino acids, 
+9.2 g.; EAA plus ammonium citrate, +9.9 
g.; EAA plus urea, +8.6 g. Liver xanthine 
oxidase activities, reported as microliters 
of oxygen per hour per gram of liver for the 
various groups were: nonessential amino 
acids, 23; EAA, 48; EAA plus nonessential 
amino acids, 120; EAA plus ammonium 
citrate, 98; EAA plus urea, 87. Thus the 
addition of nonessential amino acids, am- 
monium salts, or urea to the diet containing 
essential amino acids increased the rate of 
growth and the level of liver xanthine oxi- 
dase. The authors suggest that the nitrogen 
of ammonium citrate or urea may be con- 
verted to nonessential amino acids to be used 
in the synthesis of the apoenzyme of xan- 
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thine oxidase, or it may spare tissue amino 
acids to be used for that purpose. It is of 
interest that the addition of ammonium 
citrate to the diet containing essential 
amino acids improved growth to the same 
extent as did the nonessential amino acid 
mixture. However, ammonium citrate was 
less effective than the nonessential amino 
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acid mixture in maintaining liver xanthine 
oxidase. This may be related to the presence 
of cystine in the nonessential amino acid 
mixture since it has been found that the 
addition of cystine to a diet low in methio- 
nine markedly stimulates liver xanthine 
oxidase (R. E. Olson and J. 8. Dinning, Ann. 
N.Y. Acad. Sci. 57, Article 6 (1954)). 


THE CHEMISTRY OF FLUORIDE SOLUTIONS AND EXPERIMENTAL 
TOOTH DECAY 


In earlier studies, J. C. Muhler and H. G. 
Day (see Nutrition Reviews 9, 149 (1951)) 
demonstrated that stannous fluoride was 
superior to sodium fluoride in the preven- 
tion of dental caries in the white rat when 
the compounds were fed after tooth erup- 
tion in amounts equivalent with respect to 
fluoride content. These investigations had 
been preceded by experiments to study the 
effect of various fluorides on enamel solubil- 
ity. It was noted that commercial prepara- 
tions of stannous fluoride varied greatly in 
composition and effect on enamel solubility 
(Muhler and G. Van Huysen, J. Dent. Res. 
26, 119 (1947); Muhler, T. M. Boyd, and 
Van Huysen, /bid. 29, 182 (1950)). 

As a preliminary observation to a more 
detailed investigation, it was noted that 
no commercial sample labeled ‘stannous 
fluoride” gave an analysis which closely ap- 
proximated the theoretic value. The closest 
sample had 0.65 per cent excess tin; the 
poorest was 11.75 per cent below the theo- 
retic value. Hence, considerable care was 
given to the laboratory production of stan- 
nous fluoride of a purity not further than 
0.05 per cent from the theoretic value (W. H. 
Nebergall, J. C. Muhler, and H. G. Day 
(J. Am. Chem. Soc. T4, 1604 (1952)). These 
investigators noted that stannous fluoride 
solutions were susceptible to hydrolysis and 
oxidation. By reason of hydrolysis, the tin 
was gradually precipitated as the highly 
insoluble stannous hydroxide. In solution, 


oxidation began to change the stannous 
fluoride to the stannic oxyfluoride form 
which is highly insoluble; equilibrium was 
not reached for many hours. For the best 
storage of stock solutions of stannous fluo- 
ride, a pH of 1 to 2 was maintained to in- 
hibit hydrolysis, and oxidation was _ pre- 
vented by a layer of mineral oil. 

In view of the availability of a pure stan- 
nous fluoride, another animal experiment 
was conducted in which solutions of sodium 
fluoride, of fresh and aged stannous fluoride, 
and of a mixture of sodium fluoride and 
stannous chloride were compared. Both the 
effects on prevention of experimental caries 
and on fluoride storage in the bones were 
determined (J. C. Muhler, W. H. Nebergall, 
and H. G. Day, .’. Am. Dent. Assn. 46, 290 
(1953)). The rats used in this experiment 
were obtained at weaning and were main- 
tained throughout the experimental period 
on a slightly modified Hoppert-Webber- 
Canniff diet which contained 3.6 parts per 
million (p.p.m.) of fluoride. The rats were 
divided into six groups. The first group was 
given a freshly prepared solution of the puri- 
fied stannous fluoride at a level which sup- 
plied 28 p.p.m. of stannous ion and 9 p.p.m. 
of fluoride. Leftover solution in the drinking 
bottles of this group was replaced daily by 
the freshly prepared solution. The second 
group was given the above solution after it 
had aged at room temperature without pro- 
tection from hydrolysis or oxidation for 
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two weeks. The rats in the third group were 
given a similarly aged solution of a com- 
mercially prepared stannous fluoride at a 
level which provided 10 p.p.m. of fluoride. 
Group 4 received a sodium fluoride solution 
which supplied 10 p.p.m. of fluoride. The 
fifth group was given an aged solution con- 
taining sodium fluoride and stannous chlo- 
ride in sufficient amounts to supply 10 
p.p.m. of fluoride and 31 p.p.m. of stannous 
ion. The sixth group was provided the same 
distilled water with which the previous five 
solutions were prepared but with no added 
fluoride. The third group was composed 
entirely of male rats; the remaining groups 
consisted of males and females in approxi- 
mately equal numbers. 

The rats were maintained on experiment 
for one hundred and forty days after wean- 
ing under identical conditions except for 
the drinking solutions. Both the ration and 
the drinking solution were provided ad libi- 
tum to all rats. At the end of this time, the 
rats were killed. The heads were evaluated for 
dental caries incidence and the right hind 
legs were prepared and analyzed for fluoride 
content by the methods described earlier 
(J. C. Muhler and H. G. Day, J. Am. Dent. 
Assn. 41, 528 (1950); J. Nutrition 44, 413 
(1951)). 

The average number of carious lesions for 
the control rats in group 6 was 6.9 + 0.99 
for males. The maximum reduction in caries 
incidence was noted in the male rats in 
group 1 (fresh, purified stannous fluoride 
solution) where the average number of 
lesions was 2.9 + 0.29. The male rats in 
group 2 (aged, purified stannous fluoride 
solution) had an intermediate caries inci- 
dence of 4.0 + 0.43 lesions per rat. In other 
words, the effectiveness of the purified 
stannous fluoride preparation had been sig- 
nificantly reduced by the aging process. 
The male rats in group 3 (aged, commercial 
stannous fluoride solution) had an average 
caries incidence of 4.7 + 0.65 lesions per 
animal. Although this is not a statistically 
significant difference from group 2, there is 
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apparently a tendency to a lesser effective- 
ness in the commercial preparation. 

The male rats in group 4 (sodium fluoride 
solution) had an average of 5.2 + 0.70 
carious lesions which is significantly lower 
than for the control rats and also signifi- 
cantly higher than for those fed the freshly 
prepared stannous fluoride solution. The 
latter result is all the more significant by 
reason that the investigators deliberately 
fed the fresh and aged stannous fluoride 
solution prepared from their purified chem- 
ical at levels supplying 9 p.p.m. of fluoride 
as compared to 10 p.p.m. for the sodium 
fluoride and other solutions. The male rats 
in group 5 (aged sodium fluoride and stan- 
nous chloride solution) had an average 
caries incidence of 5.5 + 0.83 lesions. This 
was not statistically different from those 
on the sodium fluoride solution. Though the 
fluoride and stannous ion concentrations 
exceeded those in the freshly prepared stan- 
nous fluoride solution, the incidence of 
caries was not reduced below that in the 
group fed only sodium fluoride. The data 
for the female rats followed a similar trend 
to that of the males. In both males and 
females, the extent of the carious lesions as 
well as the number of lesions were reduced 
by the freshly prepared stannous fluoride to 
a greater extent than by the aged solution 
or by the sodium fluoride and stannous 
chloride mixture. None of the supplements 
affected the rate of growth or the general 
appearance of the animals. 

Since this experiment was begun at 21 
days of age, the molars of the rats were 
almost completely formed. Hence, the above 
results must be interpreted on the basis of 
interaction with formed teeth and cannot 
be implicated as having been effective dur- 
ing the developmental stages. 

The data on deposition of fluoride in 
bones and bone ash are highly significant. 
None of the supplements altered the degree 
of bone mineralization, although large dif- 
ferences between groups were found in the 
amount of fluoride deposited. All rats given 
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the three different stannous fluoride prepa- 
rations had approximately the same fluoride 
concentration in the bones: approximately 
1.2 mg. per gram. This level was two thirds 
of the amount stored in the bones of the 
rats which received sodium fluoride (1.9 
mg. per gram). Particularly striking was the 
observation that the rats fed the aged mix- 
ture of stannous chloride and sodium fluo- 
ride had essentially the same level of bone 
fluoride as the rats fed either of the stannous 
fluoride solutions alone. 

Three points of fundamental significance 
to the experimental dental caries field are 
brought out in this investigation. (1) A 
fresh solution of pure stannous fluoride has 
a greater influence on experimental dental 
caries than either an aged stannous fluoride 
solution or a sodium fluoride solution. If any 
use of this compound is contemplated as a 
caries-preventing agent, extreme care must 
be exercised in the purification of the com- 
pound and in protection of its solutions 
against deterioration. Presumably, if some 
unidentified contaminant in the stannous 
fluoride were responsible for the greater 
effectiveness on dental caries of the stannous 
than the sodium fluoride solution, the aged 
stannous fluoride would have been as effec- 
tive as the fresh. (2) The inability of a mix- 
ture of stannous chloride and sodium fluoride 
to duplicate the effectiveness of a compar- 
able stannous fluoride solution is not ex- 
plainable by present knowledge. The in- 
vestigators stated, “If fluorine in such a 
mixture should not protect the teeth as much 
as stoichiometric amounts supplied as stan- 
nous fluoride, it would indicate that the 
protective action is dependent on something 
besides the concentration of tin and fluorine 
in the environment of the teeth.’ (3) The 
lack of correlation between caries protection 
and fluoride deposition in the bone was even 
more difficult to explain. This was par- 
ticularly true in view of the fact that the 
investigators believed that water consump- 
tion had been comparable in all groups of 
rats. It is surprising that with increased 
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caries prevention in the groups fed stannous 
fluoride solutions, there was reduced fluoride 
storage in the bones. Equally noteworthy is 
the observation that the group of rats fed 
the mixture of stannous chloride and sodium 
fluoride stored much less fluoride than the 
rats fed only sodium fluoride even though 
the former mixture did not cause a greater 
caries prevention than the sodium fluoride 
solution. 

Two omissions in the experimental pro- 
cedure were noted. It is unfortunate that 
no groups of rats were maintained on a 
freshly prepared solution of the commercial 
stannous fluoride and on a freshly prepared 
solution of the mixture of stannous chloride 
and sodium fluoride. These additional data 
might have added appreciably to the under- 
standing of the rest of the data presented. 

At the present time, there has been no 
appreciable attempt to utilize stannous 
fluoride in the prevention of dental caries in 
human beings. Whether or not it can com- 
pete with sodium fluoride or potassium 
fluoride for topical fluoride applications is 
unknown. In earlier studies on enamel solu- 
bility, lead fluoride was found to be com- 
parable to stannous fluoride in the reduction 
of enamel solubility; however, the use of 
a saturated lead fluoride solution for the 
topical treatment of children’s teeth was 
ineffective in the prevention of dental caries 
(D. J. Galagan and J. W. Knutson, Pub. 
Health Reports 62, 1477 (1947)). As yet no 
studies have been conducted on the artificial 
fluoridation of a water supply with stannous 
fluoride. Presumably the chemical data of 
Muhler, Nebergall and Day would suggest 
that its instability was too great for satis- 
factory results to be expected. The fact that 
their animal experiment was a postdevelop- 
mental trial means that no conclusion on the 
benefits possible during development can be 
drawn. This is especially important in view 
of the fact that fluoride ingestion in the 
human population exerts its major influence 
during tooth development. 
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PREVENTION OF HYPERCHOLESTEROLEMIA AND ATHEROSCLEROSIS IN 
CHICKENS FED CHOLESTEROL 


The apparent effects of fat and cholesterol 
intake vary greatly in different species of 
animals. They have not been well identified, 
independently of the effects of high or low 
caloric intake. An elevation of the cholesterol 
concentration in plasma has been demon- 
strated in many patients with atherosclero- 
sis. Hypercholesterolemia occurs, also, in 
experimental animals in which atherosclero- 
sis is induced by feeding cholesterol (Nutri- 
tion Reviews 9, 167, 338 (1951); 10, 148 
(1952)). Current information thus indicates 
that the increased quantities of circulating 
cholesterol may be singularly important to 
the types of injury of arterial walls which 
lead to the development of atheromata. If 
this relationship is truly a critical one, any 
procedure through which it is possible to 
avoid or correct hypercholesterolemia might 
lead to prevention or healing of athero- 
sclerotic lesions. There is evidence that diets 
strictly limited in content of fat and sterols 
may lead to a decrease in the quantity of 
circulating cholesterol (bid. 10, 168 (1952); 
11, 72 (1953)). However, the utilization of 
this procedure in the control of atherosclero- 
sis in man is difficult, if not impractical. 
Therefore, a search for other procedures for 
accomplishing the same end seems war- 
ranted. 

It had been observed that the presence 
of bile in the intestinal tract is essential for 
the absorption of cholesterol (M. D. Siper- 
stein, I. L. Chaikoff, and W. O. Reinhardt, 
J. Biol. Chem. 198, 111 (1952)). These in- 
vestigators reasoned that a material which 
precipitated bile or made it unavailable 
within the intestine might thereby inhibit 
the absorption of cholesterol and prevent 
atherosclerosis. Since ferric chloride was 
known to precipitate bile salts in the test 
tube, it was proposed that the inclusion of 
this material in the diet might decrease the 
absorption of cholesterol. To test this hypo- 
thesis 3 per cent ferric chloride was included 
in diets previously demonstrated to be 


atherogenic for chickens. Evidence has been 
derived from these experiments indicating 
that ferric chloride does prevent the rise in 
plasma cholesterol and associated athero- 
mata in chickens fed cholesterol (Siperstein, 
C. W. Nichols, and Chaikoff, Science 117, 
386 (1953)). The birds utilized were 5 month 
old cockerels which were fed a laboratory 
chow supplemented with 5 per cent corn 
oil and 1 per cent cholesterol for five months. 
On this diet plasma cholesterol values in- 
creased markedly and lesions were found 
in the thoracic and abdominal aortas of 
most birds. These results of cholesterol feed- 
ing were almost totally avoided in birds fed 
ferric chloride. Moreover, the addition of a 
bile concentrate in the amount of 10 per cent 
of the diet caused even greater hypercholes- 
terolemia and more extensive atherosclerosis, 
an effect which was also prevented by the 
iron salt. It is presumed that ferric chloride 
was effective through precipitation of bile 
salts in the intestinal tract. The quantity of 
food consumed by cockerels ingesting the 
diet containing 3 per cent ferric chloride 
was not reduced. However, prolonged feed- 
ing of the iron salt led to toxic effects which 
are not described in detail. This develop- 
ment apparently led to consideration of other 
means of approach to prevention of hyper- 
cholesterolemia. 

It was proposed that another sterol, closely 
related in structure to cholesterol, might 
block this action or effect of cholesterol. In- 
deed, other investigators had previously 
demonstrated that mixed soybean sterols 
had such activity in cholesterol-fed chicks 
(D. W. Peterson, Proc. Soc. Exp. Biol. Med. 
78, 143 (1951); Peterson, C. W. Nichols, 
and E. A. Shneour, J. Nutrition 47, 57 
(1952)). A sterol of animal origin which 
differs in structure from cholesterol only in 
saturation of the double bond between 


carbons 5 and 6, dihydrocholesterol, was 
selected for study. When added to the diet 
previously used, in a concentration of 2 per 
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cent, dihydrocholesterol was found to have 
a marked effect in preventing hypercholes- 
terolemia and atherosclerosis (M. D. Siper- 
stein, Nichols, and I. L. Chaikoff, Circula- 
tion 7, 37 (1953)). Cockerels were again 
used in these studies and were started on the 
experimental diets at an age of 315 months. 
The anticipated marked increase in plasma 
cholesterol occurred when the diet included 
1 per cent cholesterol. The concentration 
of phospholipid and fatty acid in plasma 
increased similarly. These effects on plasma 
lipids were avoided totally when the diet 
also contained 2 per cent dihydrocholesterol. 
Food consumption and rate of weight gain 
were essentially the same in this group of 
birds as in control groups not fed dihydro- 
cholesterol. The birds were killed after 
eleven weeks on experimental diets and the 
area of the aorta grossly involved by athero- 
mata was determined. Impressive evidence 
is given indicating almost total protection 
from this lesion in birds fed dihydrocholes- 
terol along with cholesterol. Average areas 
of involvement were 130 square millimeters 
in the thoracic aorta and 50 square milli- 
meters in the abdominal aorta of cholesterol- 
fed cockerels, while comparative figures in 
the dihydrocholesterol- and cholesterol-fed 
birds were 1.3 and 0.5 square millimeters, 
respectively. 

These observations are of interest because 
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they give impetus to investigations which 
have as their purpose the prevention or 
avoidance of the effects of dietary cholesterol 
in atherogenesis. The authors state that it is 
their purpose to apply the findings described 
here to a study of the control of hyper- 
cholesterolemia in man. Of particular interest 
is the suggestion that related sterols of 
animal origin may compete metabolically 
with dietary cholesterol. 

Another recent investigation bears on this 
consideration. R. B. Gordon, 8. C. Kraft, 
and R. J. Jones (J. Lab. Clin. Med. 41, 583 
(1953)) included an extract of sheep brain 
containing only traces of cholesterol in the 
ration of cholesterol-fed chicks. This ma- 
terial made up 12 per cent of the diet. The 
degree of hypercholesterolemia and the con- 
centration of beta lipoprotein of serum in 
chicks fed the brain extract was much less 
than in those fed the cholesterol-supple- 
mented diet alone. Although the active com- 
ponent of the extract is not known, the sug- 
gestion is made that it is a cerebroside. 

These reports offer a new approach in 
the study of experimental atherosclerosis. 
However, it should be emphasized that there 
is as yet no evidence in man that a nominal 
intake of plant sterols is an important factor 
in preventing hypercholesterolemia. There 
is evidence in man that caloric balance 
affects the level of cholesterol in the blood. 


PROTEIN UTILIZATION DURING CALORIC INSUFFICIENCY 


During illness and for a time after surgery 
or injury patients frequently are unable to 
consume an adequate diet. Although clini- 
cians tend to regard it as inevitable that 
patients must go through such periods of 
energy deficit, very little is known about the 
optimal amount of protein which should be 
included in subcaloric diets. Similarly, when 
low calorie diets are prescribed in the treat- 
ment of obesity, it is difficult to find agree- 
ment about what the most desirable calorie: 
nitrogen intake ratio should be. 

To a variable extent, dietary protein is 


used for calories rather than for synthesis of 
new tissue when the caloric intake falls be- 
low requirement levels; on the other hand, 
there is evidence to show that a fraction of 
the dietary protein can be used for anabolic 
purposes, even if the caloric intake is quite 
inadequate. The extent to which dietary 
protein is used for synthesis of tissue protein 
seems to depend to some degree on the 
amount of fat which can be mobilized from 
body depots; however, the most important 
factor which influences protein utilization 
during caloric insufficiency is the state of 
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the body protein stores. When such stores 
are depleted the ability of the body to utilize 
its own fat for energy purposes and to make 
more efficient use of dietary protein is greatly 
enhanced. 

A significant study on nitrogen utiliza- 
tion in caloric insufficiency has been reported 
by W. M. Cox, R. C. Ellingson, and A. J. 
Mueller (Pediatrics 11, 435 (1953)). The 
authors were specifically interested in de- 
termining to what extent ingested protein 
can be used for growth when insufficient 
calories are fed. Young rats were used in 
the studies and demonstration of growth in 
these animals was taken to be proof of tissue 
synthesis. 

Four groups of animals with differing 
nutritional reserves were employed in the 
experiments. One group was_ specifically 
depleted of protein while the caloric intake 
remained normal; a second group was par- 
tially starved, being given a nutritionally 
“adequate” diet in suboptimal quantities 
so that weight remained stationary. The 
other two groups were allowed stock food 
ad libitum and half of these animals were 
then treated by immersion for five seconds 
in water at 65°C. 

Within the four groups of animals so pre- 
pared, subgroups were fed equicaloric 
quantities of dextrose and of dextrose and 
protein hydrolysate for five-week periods. 
These diets were graded at various constant 
levels of caloric intake ranging from ap- 
proximately 20 per cent of ad libitum levels 
to 100 per cent. Weights were followed care- 
fully and at the end of the experimental 
periods the animals were killed and the 
carcasses analysed for nitrogen, fat and 
total solids. In a second series of experiments 
the authors measured growth on a caloric 
intake of 40 per cent of ad libitum intake, 
while varying the calorie: nitrogen intake 
ratio. 

Cox and his associates found that the 
protein-depleted rats were able to gain 
weight on a dextrose-protein hydrolysate 
diet even when the caloric intake was re- 
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stricted to 50 per cent of ad libitum intake. 
Weight was maintained at intake levels be- 
tween 25 and 36 per cent of energy require- 
ments. The animals receiving 11 calories 
(25 per cent of ad libitum intake) as a mix- 
ture of equal parts of dextrose and protein 
hydrolysate weighed 12 g. more at the end 
of a five-week period than those receiving 
11 calories as dextrose alone. 

In calorically restricted animals the weight 
response to dextrose was inferior to equi- 
caloric quantities of dextrose and hydrol- 
ysate at all levels. When animals with no 
pre-existing nutritional deprivation were 
subjected to caloric restriction, growth 
ceased when the caloric intake was reduced 
to 50 per cent of ad libitum intake. At 36 
per cent of voluntary intake very little ad- 
vantage resulted from supplying the nitro- 
gen supplement. When calories were re- 
stricted to 47 per cent of voluntary intake 
in the animals treated by immersion in 
water at 65°C., their weights were main- 
tained better if they were given a dex- 
trose-hydrolysate mixture rather than dex- 
trose alone. 

Carcass analysis at the end of the experi- 
mental periods showed that the hydrolysate- 
fed animals had a higher body protein con- 
tent at each caloric level irrespective of 
nutritional status than did the dextrose-fed 
animals. Analysis of the results showed that 
(1) the most efficient use of protein for 
growth occurs at the highest caloric intake 
and (2) tissue synthesis also may occur at 
lower caloric levels. 

Cox and his associates also attempted to 
ascertain the carbohydrate-protein ratio as- 
sociated with maximal weight gain in pro- 
tein-depleted animals on a calorically de- 
ficient diet. They showed that when the 
caloric intake is approximately 40 per cent 
of normal in such animals a protein-carbo- 
hydrate ratio of 1:4 gives the best results. 
In other words, the largest weight gain was 
achieved with 20 per cent of the total calories 
in the form of protein hydrolysate. Higher 
proportions of pretein hydrolysate resulted 
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in a progressively lower rate of weight gain. 
It was not reported whether still greater 
benefit could be obtained by decreasing the 
proportion of protein to carbohydrate some- 
what further, yet the animals given dextrose 
alone lost 19 g. while the animals given 
hydrolysate alone or mixed with dextrose 
gained 11 to 23 g. 

The authors make a point of criticizing 
statements in the literature to the effect that 
calories have priority over other nutritional 
requirements of the body and that if energy 
requirements of the body are not met, a 
proportionate amount of dietary protein 
will be catabolized for energy. Although it 
is true that some workers write as though 
they believe that it is useless to have protein 
in the diet if caloric requirements are not 
met from a dietary source as well, most 
nutritionists probably would agree that some 
fraction of dietary protein can be used for 
synthesis even if the intake of dietary calo- 
ries is suboptimal. J. B. Allison (Fed. Proc. 
10, 676 (1951)) has shown well that the 
proportion of dietary protein retained under 
such circumstances increases as the protein 
stores diminish. 

Moreover, the fact that a part of the 
dietary protein can be used for tissue syn- 
thesis even though “‘caloric balance”’ is not 
achieved does not invalidate the thesis that 
energy requirements have priority over pro- 
tein requirements. It merely means that in 
such instances the caloric deficit of the 
animal is being made good from his own 
stores of fat and carbohydrate. Thus, the 
caloric requirements of the animal are met 


NUTRITION REVIEWS 


cr 
~J 


in any case, the only point at issue being 
the extent to which he can make use of his 
own fat stores under varying degrees of 
nutritional stress. 

Cox and his co-workers have shown con- 
vincingly that when the ad libitum caloric 
intake cannot be supplied in the diet, a mix- 
ture of carbohydrate and protein is to be 
preferred to carbohydrate alone whenever 
“somewhat more than 25 per cent of the 
energy requirements are met.’ If these 
results of Cox et al. can be extrapolated to 
man, and assuming an ad libitum caloric 
intake of man is approximately 3200 calories, 
one could say that little protein is used for 
protein synthesis at caloric intakes of less 
than 800 to 1000 calories, but that at greater 
caloric intakes it serves a vital role. 

The role of fat in this scheme is not yet 
clear, but the work of P. P. Swanson (Fed. 
Proc. 10, 660 (1951)) strongly suggests that 
some fat should be present in calorically 
deficient diets. Cox et al. point out that their 
findings should be valid for parenteral feed- 
ings as well, since it has been shown that the 
metabolic fate of hydrolysates, whether oral- 
ly or parenterally administered, is essen- 
tially the same (R. H. Silber, A. O. Seeler, 
and E. E. Howe, J. Biol. Chem. 164, 639 
(1946)). 

In view of the many urgent, practical 
questions relating to the problem of calorie: 
nitrogen relationships in human nutrition, 
it would appear highly desirable to follow 
up the interesting and informative studies of 
Cox and associates with further investiga- 
tions at the clinical level. 


VITAMIN E DEFICIENCY AND THE HEART 


One of the consequences of a vitamin E 
(tocopherol) deficiency in experimental 
animals is degeneration of the skeletal 
musculature. In some species, degeneration 
of the cardiac (heart) muscle is likewise 
encountered in this deficiency. In studies 
with cattle, T. W. Gullickson and C. A. 


Calverley (Science 104, 312 (1946); Nu- 
trition Reviews 9, 76 (1951)) observed 
cardiac effects in vitamin E deficiency as 
evidenced by an increase in the PR interval 
(electrocardiographic). In the case of rabbits, 
electrocardiographic abnormalities were re- 
ported by A. J. Gatz and O. B. Houchin 
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(Anat. Record 99, 578 (1947)). These 
abnormalities consisted of right axis de- 
viation, notching of the T wave in leads | and 
2 and inversion of T in lead 3. Elevated ST 
segments and inversion of T waves in lead 
2 were observed in rabbits in the later stages 
of the deficiency (J. H. Bragdon and H. D. 
Levine, Am. J. Path. 25, 265 (1949)). 
A reduction in amplitude of the R and T 
waves and inversion of T waves was ob- 
served in electrocardiograms of chronic 
vitamin E-deficient monkeys (L. J. Filer, 
R. E. Rumery, P. N. G. Yu, and K. E. 
Mason, Ann. N. Y. Acad. Sci. 62, 284 
(1949)). 

In a recent study, workers at the Michigan 
Agricultural Experiment Station have de- 
termined, by means of electrocardiograms, 
whether any functional heart changes as- 
sociated with vitamin E deficiency in lambs 
were related to degenerative lesions in 
cardiac muscles that occur in this deficiency 
(F. R. Bacigalupo, B. V. Alfredson, R. W. 
Luecke, and F. Thorp, Am. J. Vet. Res. 
14, 214 (1953)). 

The experimental ration consisted of 
casein, 30; glucose, 28; lactose, 10; lard 
(molecular distilled), 26; and salts, 6 per 
cent. This was liquefied to a level of 16 per 
cent solids and was supplemented with the 
following vitamins (milligrams per kilogram 
of liquid ration): thiamine, 1.4; riboflavin, 
3.0; niacin, 4.0; calcium pantothenate, 5.0; 
pyridoxine, 2.0; folacin, 0.2; para-amino- 
benzoic acid, 4.0; inositol, 40.0; biotin, 0.04; 
choline, 400.0; and 2-methyl naphtho- 
quinone, 0.4. Vitamins A and D were fur- 
nished at levels of 4000 and 500 1.v., re- 
spectively, per kilogram of liquid ration. 

‘Twenty lambs, 3 to 4 days of age, which 
had received colostrum were placed on the 
experimental diet. Three served as controls 
and each was given a supplement of 100 mg. 
of alpha-tocopherol acetate orally every 
other day. 
recorded at 
weekly intervals during the experimental 


Electrocardiograms were 
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period, which varied from twenty-five to 
eighty-one days. 

The control animals exhibited essentially 
uniform electrocardiograms throughout the 
experiment. Because of limited published 
information concerning the normal electro- 
cardiogram of sheep, an additional 22 lambs 
grown under normal conditions were in- 
cluded in the study. These were observed to 
deviate only slightly from the control lambs 
so that dietary effects other than vitamin E 
were considered by the authors to be elimi- 
nated. 

Five of the vitamin E-deficient lambs died 
suddenly without evidence of ill health 
between the twenty-eighth and sixty-ninth 
days of the experiment. All of these revealed 
abrupt and striking electrocardiographic 
changes (increase in voltage changes of the 
T and PRS waves) within twenty-four 
hours before death. This was interpreted as 
an indication that death resulted from heart 
failure. 

The remainder of the deficient lambs ex- 
hibited clinical signs considered typical of 
vitamin E deficiency (progressive decrease in 
blood tocopherol levels, increase in creatine 
excretion, and macroscopic and microscopic 
changes in skeletal muscle). Three of these 
failed to develop any electrocardiographic 
abnormalities, whereas the records of the 
remainder uniformly displayed an increase 
in the PR interval to 0.10 to 0.12 (average 
0.11) contrasted with the normal PR in- 
terval of 0.08. 

The authors were unable to differentiate 
between the chemical and microscopic 
changes noted in the heart muscle of 
vitamin E-deficient lambs that died sud- 
denly and those that became progressively 
ill from vitamin E deficiency. Furthermore, 
lambs that were found to have extensive 
injury to heart muscles, based on chemical 
and microscopic studies, did not exhibit 
corresponding severe electrocardiographic 
changes. However, there seemed to be this 
distinction: Lambs that developed sudden 
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electrocardiogram changes exhibited heart 
lesions in localized areas, whereas lambs 
exhibiting little or only slow changes in the 
patterns exhibited cardiac lesions which 
covered all of the ventricular wall. 

These results leave some doubt as to 
whether electrocardiographic changes bear 
any direct relation to progressive tissue 
changes that are microscopically detectable 
in vitamin E deficiency. The influences of 
nutrition on electrocardiographic patterns 
of animals is at present ill defined. P. D. 
Sturkie (Am. J. Vet. Res. 10, 168 (1949)) 
used such patterns in an attempt to establish 
whether the relatively large adult mortality 
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often encountered in poultry, and considered 
by many as possibly representing faulty 
nutrition, could be attributed to heart dis- 
orders. In this study, 72 test birds were 
studied electrocardiographically. Twenty- 
nine per cent exhibited unusual or abnormal 
patterns, but none of the 72 deaths could 
definitely be attributed to heart disorders 
based on the over-all results. Further studies 
by Sturkie in potassium-deficient chicks 
(Am. J. Physiol. 162, 538 (1950); Poultry 
Sci. 31, 648 (1952)) indicated abnormal 
electrocardiograms which could be reverted 
to normal in all cases by the intramuscular 
injection of diethylaminoethanol. 


CAROTENE UTILIZATION 


Carotene supplies about two thirds of the 
vitamin A value of the average American 
diet. In low income groups, and in many 
countries where the consumption of animal 
products is low, carotene becomes almost the 
only vitamin A source in the human diet. 
This has stimulated considerable interest in 
recent years in studies of factors which 
influence carotene utilization. 

W. H. James and I. M. ElGindi (J. 
Nutrition 61, 97 (1953)) have reported a 
detailed study of the influence of various 
dietary proteins on the ability of rats to 
store vitamin A when fed small amounts of 
carotene. Weanling rats were depleted of 
their vitamin A stores by feeding the v.s.p. 
vitamin A-deficient test diet for thirty- 
eight days. Under these conditions, growth 
usually ceased in twenty-seven to thirty days. 

Two of the depleted animals were killed 
and served as deficient controls. The 
remaining 44 animals were divided into four 
equal groups and fed the four test diets. 
The test diets were formulated to be identical 
with respect to calories (4.15 per gram) 
and nitrogen (3.17 per cent). It was fortui- 
tous that the diets were likewise nearly 
isophosphoric (range 0.49 to 0.58 per cent) 


since this element has been reported to 
favor vitamin A stores in rats and lambs 
when present in the diet at low levels (EF. 
W. Klosterman, D. W. Bolin, M. R. Light, 
and W. E. Dinusson, Science 116, 665 
(1952)). Minor changes in the cottonseed 
oil and cornstarch components of the diet 
were necessary to maintain the isonitrog- 
enous and isocaloric relationship when the 
18 per cent of casein in the diet (test diet 
1) was replaced by lactalbumin (test diet 
2), gluten (test diet 3), casein and zein 
(test diet 4), or zein alone (test diet 4a). 
Test diet 4 (3.6 per cent of casein and 15.2 
per cent of zein) was fed in place of test diet 
4a after two days, presumably because of 
poor consumption of the diet containing 
zein alone as the nitrogen source. All diets 
contained 8 per cent of brewers’ yeast as a 
source of B-vitamins. 

The test diets were fed to the vitamin A- 
depleted rats for a period of six weeks during 
which time each rat was given a daily dose 
of 21 micrograms of beta-carotene, as a 
vitamin A source, and one milligram of 
alpha-tocopherol. Test diets 1, 2, and 3 were 
fed at the rate of 10 g. daily per rat, whereas 
test diet 4 was fed at the rate of 8 g. daily 
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per rat. Blood vitamin A levels were de- 
termined at three-day intervals during the 
test period. Feces were collected for carotene 
determination, and at the end of the six- 
week feeding period the livers were analyzed 
for vitamin A. 

Rats fed the casein and the casein-zein 
test diets had less carotene in their feces, 
191.0 and 162.3 micrograms, respectively, 
for the six-week period, than the rats fed 
lactalbumin or gluten (282.3 and 254.5 
micrograms, respectively). Marked dif- 
ferences were noted in the ability of the rats 
to’ accumulate vitamin A stores in the liver 
under the different dietary protein con- 
ditions. For example, the liver vitamin A 
value of 0 for depletion controls increased to 
68.7 micrograms for the rats fed the casein 
diet, and to 35.4 and 40.5 micrograms when 
lactalbumin and gluten, respectively, were 
the diet proteins. Rats fed the casein-zein 
diet stored only 12.1 micrograms of vitamin 
A in their livers. The superior quality of 
casein over the other proteins as a promoter 
of vitamin A liver storage was further em- 
phasized by the observation that the livers 
of these animals were about 20 per cent 
smaller than those of the rats receiving the 
other proteins. 

Blood data indicated that at the time of 
vitamin A depletion the serum contained 
10 to 11 micrograms per cent of the vitamin. 
Within four hours after the first carotene 
dose was given these values had increased 
to about 45 micrograms. It then dropped in 
one week to about 32 micrograms per cent 
and remained at this level throughout the 
test. period. The greater ability of the rats to 
store liver vitamin A on the casein diet was 
not associated with any superiority of this 
group with respect to blood levels. However, 
a comparison of the combined data with 
milk protein diets (casein and lactalbumin) 
and with cereal diets (gluten and zein) in- 
dicated significantly higher blood levels of 
vitamin A in favor of the milk protein diets. 

With respect to liver vitamin A storage on 
limited intakes of carotene, casein obviously 
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appeared to be far superior to lactalbumin 
or to any of the other proteins tested. 

The authors offer as an interpretation of 
their results the possibility that vitamin 
A is consumed in the process of transforming 
ingested protein into proteins or amino 
acid moieties which the body can utilize. 
The protein that was most efficiently utilized 
under the conditions of the test was casein. 
Its amino acid moieties most nearly cor- 
responded to those acceptable to the body 
tissues, hence required less vitamin A and 
thus permitted more vitamin A_ liver 
storage. 

T.-C. Chou and A. L. Marlatt (J. Nutri- 
tion 61, 305 (1953)) have recently reported 
some experiments indicating that naturally 
occurring factors in foods have influences on 
carotene utilization. These workers were 
primarily concerned with the types of 
diets commonly consumed by the Chinese 
and representative diets in which nearly all 
the vitamin A came from carotenes. With 
the rat bioassay procedure, they noted that 
sesame oil in the diet produced significantly 
higher carotene utilization than did soybean 
or peanut oil. The superiority of sesame 
oil was at variance with its relative 
tocopherol content, a nutritional factor 
known to promote improved carotene utiliza- 
tion (Nutrition Reviews 9, 217 (1941)). 
The soybean oil, for example, contained 
0.58 mg. of tocopherol per gram compared 
with 0.23 mg. per gram for the sesame oil. 

Carrots, sweet potatoes, and green, leafy 
vegetables, carotene sources commonly 
available in China, were found not to differ 
greatly with respect to carotene availability 
in the rat bioassay. Only about one third to 
one half of the carotene in these foods was 
utilized, assuming 100 per cent utilization 
for crystalline carotene, which is in accord 
with the findings of others. 

These recent reports again point to the 
obvious fact that there is still much to be 
learned regarding the relation of other 
dietary ingredients to the utilization of 
carotene. 





























1954) 


NUTRITION 


REVIEWS 61 


CHRONIC THIAMINE DEFICIENCY 


The interpretation of structural and 
functional changes in vitamin deficiencies is 
almost invariably complicated by varying 
degrees of inanition which accompany such 
deficiency states. Thus, any departure from 
normal observed after the induction of a 
nutritional deficiency might, in the absence 
of detailed information, be ascribed to a 
direct effect of the nutritional defect or to 
the restriction in calories and in essential 
nutrients caused by voluntary restriction in 
food intake. Although some investigators 
have been commendably careful to supply 
information on food consumption or to rule 
out the inanition effects by the use of 
suitable controls, such papers are not 
altogether numerous. 

An effort to separate the direct effects of 
chronic thiamine deficiency from the indirect 
effects of caloric restriction has been made 
by L. J. Pecora and B. Highman (J. Nutri- 
tion 61, 219 (1953)). Weanling male rats of 
the Sprague-Dawley strain were maintained 
on a commercial stock ration for two weeks 
and then placed either on a complete ration 
or on a thiamine-free diet. The experimental 
rations were of the “synthetic” variety, 
containing 18 per cent casein, 72 per cent 
sucrose, 5 per cent fat and 4 per cent salt 
mixture. Control and experimental rations 
differed only in the fact that the control diet 
contained thiamine while the experimental 
ration was as devoid of this substance as is 
possible with the ingredients commonly 
available. The food intake of the control 
animals was restricted to that consumed 
voluntarily by the thiamine-deficient group. 
An additional control group was fed the 
complete ration in unrestricted amounts. 
In order to avoid early acute thiamine 
deficiency, the experimental animals were 
given 7 micrograms of thiamine three times 
weekly. After sixty-three days on this 
regimen, thiamine was omitted entirely 
from the ration of the experimental group. 
Some rats were killed at 57 days of age, 


before symptoms of deficiency were noted. 
The remainder were killed at about 100 
days of age. A variety of tissues were 
appropriately preserved and studied histo- 
logically. 

Both groups of rats grew normally for 
about four weeks. At this time the chron- 
ically deficient group reached a peak weight 
of about 140 g. and then lost weight for the 
next six or seven weeks, attaining a final 
body weight of approximately 85 g. At 57 
days of age, when the thiamine-restricted 
group attained its peak body weight, the 
unrestricted controls, the pair-fed controls 
and the thiamine-deficient animals showed 
the same organ:body weight ratios except 
for liver and spleen, which were larger in 
the unrestricted controls than in either the 
pair-fed or the deficient animals. When the 
animals were approximately 100 days old, 
the unrestricted controls weighed 292 g., 
the pair-fed controls 96 g. and the thiamine- 
deficient animals 84 g. At this time the 


organ: body weight ratios for pair-fed 
controls and _ thiamine-deficient animals 


were nearly identical except in the case of 
the kidney. The ratio of liver weight to total 
body weight seems to be significantly 
different for the pair-fed controls and the 
thiamine-deficient animals, although the 
authors do not specifically call attention to 
this fact. At 100 days of age in most instances 
the organ weights and the organ:body 
weight ratios of the unrestricted control 
animals differed decidedly from those of 
both the pair-fed and the thiamine-deficient 
animals. It would appear, then, that the 
changes in organ weights and in organ: body 
weight ratios observed in the thiamine- 
deficient animals are due to caloric restric- 
tion with the possible exception of the 
kidney and liver. 

A comparison of the thiamine-deficient 
animals at 57 and 100 days of age showed 
that the pituitary, testes and heart undergo 


no change in organ:body weight ratio. 
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During this same interval the ratio increases 
for kidneys, adrenals and brain and de- 
creases for liver and spleen. A comparison of 
the absolute weights of organs of thiamine- 
deficient animals at 57 and 100 days of age 
showed brain and adrenals to remain un- 
changed, while the kidneys become slightly 
smaller. Heart, testes and pituitary de- 
creased considerably in weight, while liver 
and spleen showed the greatest decline in 
weight. 

Histologic examination of tissues of 
thiamine-deficient animals showed that 
about one fourth of them had developed 
lesions of the auricular myocardium. The 
testes of thiamine-deficient rats showed 
marked degeneration in the seminiferous 
tubules and an almost total absence of 
spermatogenesis. Pair-fed controls showed 
some atrophy but no degenerative lesions. 
The following histologic alterations were 
observed both in pair-fed controls and in 
thiamine-deficient animals and are thus 
presumably due _ exclusively to caloric 
restriction: atrophy of the kidneys, especially 
the cortex; atrophy of the spleen, with a 
depletion in lymphocytes, a decrease in 
size of the Malpighian corpuscles, a reduc- 
tion in the number of hematopoietic cells 
and megakaryocytes, and extensive hemo- 
siderosis. Hemosiderin deposits were seen 
in Kupffer cells and occasionally in pa- 
renchymal cells of the liver and in the 
renal convoluted tubules. Bone marrow 
showed reduced hematopoietic activity, 
the pituitary a decrease in the number of 
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acidophil cells (presumably responsible for 
growth hormone elaboration) and _ the 
adrenal cortex a loss of lipids, particularly in 
the inner zone. 

The authors conclude that the best 
method of interpretation is to compare the 
actual organ weights of rats receiving the 
thiamine-deficient diet to age 57 days (and 
showing no deficiency symptoms) with the 
organ weights of the deficient animals killed 
at 100 days of age. Although this method of 
comparison is certainly valid, it is difficult 
to see from the data presented why it 
deserves to be the method of choice. Changes 
in organ:body weight ratios during de- 
ficiency and comparison of these ratios with 
those from suitable controls (both pair-fed 
and unrestricted) give an interesting if not 
a wholly clear picture of the selective effects 
of deficiency and of inanition on the several 
organs and their relation to total body 
mass. It may be that better points of 
reference are available. For example, M. F. 
Harrison (Biochem. J. 65, 204 (1953)) 
studied the effects of starvation on the 
composition of the liver and found that 
the changes observed were primarily due 
to the loss of cytoplasmic materials. The 
size and composition of liver nuclei as well 
as the total amount of nuclear material in 
the whole liver remained unchanged despite 
considerable decrease in liver mass. This 
analytic approach may be useful in evalu- 
ating the effects of nutritional deficiencies on 
organ size. 
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NOTES 


Letter to the Editor 


Dear Sir: 

May I add further information to the 
discussion in your review ‘Fructose and 
Invert Sugar Versus Glucose” (Nutrition 
Reviews 11, 299 (1953)) of differences in the 
behavior of these three carbohydrates and 
of the difficulties in evaluating the published 
data regarding their use during intravenous 
feeding. As to the differences, the important 
paper by W. R. Drucker and co-workers 
(“Surgical Forum of the American College of 
Surgeons,” p. 548, W. B. Saunders, Phila- 
delphia (1952)) was not cited. These workers 
found that impairment in the metabolism 
of intravenous glucose following the stress of 
an inguinal herniotomy (as shown by blood 
sugar levels) was not observed when fructose 
was infused. These two sugars were com- 
pared in the same patient, each serving as 
his own control. Another difference between 
fructose and glucose may be culled from the 
cited paper by M. Miller and associates 
(J. Clin. Invest. 31, 115 (1952)). In the 
data they presented (Table I) the lowest 
postinfusion values for total reducing sugar 
following fructose was 81, 86 and 75 mg. 
per cent, whereas in the same 3 patients 
following glucose administration, the lowest 
values were 42, 39 and 42 mg. per cent 
respectively. 

As to the differences in evaluating pub- 
lished data, mention should be made of 
the wide differences from one patient to 
another in the metabolism of intravenously 
injected glucose. This factor was emphasized 
in the paper by J. A. Moncrief, K. B. 
Coldwater, and R. Elman (Arch. Surg. 67, 
57 (1953)) which apparently appeared too 
late in 1953 to be included in the above- 
mentioned review. These workers in one 
series of observations compared fructose 
and glucose on alternate days in the same 
patient after operation. Each individual 
thus acted as his own control. Under these 


conditions total twenty-four-hour  urines 
showed an average loss of 25.3 g. of reducing 
sugars on the days when glucose was 
infused, as compared with a loss of 9.9 g. 
when fructose was infused, a difference 
which was found to be statistically sig- 
nificant. 

RoBertT ELMAN 

Department of Surgery 

Washington University 

School of Medicine 
St. Louis 


Fructose Metabolism in Diabetic Patients 


The recent availability of fructose for 
parenteral injection has led to renewed in- 
vestigation of its metabolism in man, es- 
pecially in patients with diabetes. M. Miller 
et al. (J. Clin. Invest. 31, 115 (1952)) com- 
pared the metabolism of fructose and glu- 
cose respectively in 3 normal individuals and 
in 5 patients with diabetes mellitus. The 
infusions were given over a period of sixty 
minutes as a 10 per cent solution providing 
1.0 g. per kilogram body weight. 

In the normal individuals the blood fruc- 
tose concentration fell rapidly following the 
end of the infusion and virtually disappeared 
from the blood within three hours. The rise 
in blood glucose after glucose infusion was 
higher than that of blood fructose following 
its administration. This appeared to indicate 
more rapid removal of the fructose from the 
blood, since the urinary excretion of the 
two sugars was approximately the same. 
Blood pyruvate concentration rose sharply 
after fructose administration and reached 
levels three times higher than those which 
followed glucose administration. In the 2 
subjects the plasma citric acid concentra- 
tion either fell or remained unchanged fol- 
lowing glucose administration; however, in 
the same subjects a rise in plasma citric 
acid followed fructose administration. 

In the patients with diabetes, glucose ad- 
ministration led, of course, to a _ typical 
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diabetic curve. The diabetic patients had 
been receiving crystalline insulin, but this 
was withheld for at least fourteen hours 
before the infusion in every case. In con- 
trast to the results with glucose in the dia- 
betic subjects, fructose produced the same 
type of fructose tolerance curve as is found 
in the normal individuals. Moreover, there 
was a distinct rise in blood pyruvate con- 
centration following fructose administration 
and a drop in the blood phosphate level. In 
all but one instance there was an appreciable 
rise in blood glucose following fructose ad- 
ministration in the diabetic subjects. 

One patient with diabetes was given both 
intravenous and oral fructose on separate 
occasions. There was a much smaller rise in 
the blood fructose concentration after oral 
administration as compared with intra- 
venous administration. The rise in pyruvic 
acid was also less after oral than after intra- 
venous administration of fructose and there 
was no detectable change in the phosphorus 
in the former, but a distinct fall in the latter 
case. The authors believe that fructose was 
metabolized by the patient with diabetes to 
a greater extent when given parenterally be- 
cause less was converted to glucose by in- 
testine and liver. This concept was sub- 
stantiated by the greater rise in blood glucose 
when fructose was given by mouth as com- 
pared to intravenously. 

The authors conclude that ‘‘the metab- 
olism of fructose differs from that of glucose 
in both the normal and diabetic subject 
and the metabolism of fructose in the person 
with diabetes is similar to that in the normal 
person even in the absence of insulin.” 

Both fructose and glucose must be phos- 
phorylated to be further catabolized. That 
this is presumably accomplished by differ- 
ent hexokinases, that for glucose under 
insulin control and that for fructose not, 
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would find support in the results of these 
studies. 


Diagnosis of Vitamin A Deficiency in 
Calves 

An increase in spinal fluid pressure and a 
squamous metaplasia of the ducts of the 
parotid gland have been reported as char- 
acteristics of vitamin A deficiency in young 
dairy animals and are proposed as aids in 
differential diagnosis (C. F. Helmboldt, 
E. L. Jungherr, H. D. Eaton, and L. A. 
Moore, J. Am. Vet. Med. Assn. 123, 240 
(1953)). The measurement of the spinal 
fluid pressure is described and is accom- 
plished with relatively simple instruments as 
follows: An 18-gauge, 3-inch needle is 
introduced into the atlanto-occipital space 
until the dura mater is pierced. A plastic 
tube with a 1 mm. bore is attached to the hub 
of the needle. The height of the pulsating 
column of spinal fluid is a measure of the 
spinal fluid pressure. A pressure below 125 
mm. (counting 90 mm. for the needle) was 
found to be normal while readings of 200 to 
500 mm. indicated vitamin A deficiency. 

The squamous metaplasia of the parotid 
gland ducts has also been reported to occur 
in bovine hyperkeratosis (X-disease), prob- 
ably on account of the associated anti- 
vitamin A effects of the agents that cause 
this disease (Nutrition Reviews 11, 97 
(1953)). 


Second Five Year Cumulative Index 


The Five Year Cumulative Index for Vol- 
umes 6 through 10 (1948-1952) of Nutri- 
tion Reviews is now available. The Index is 
a valuable reference for all workers in nutri- 
tion as well as for the readers of Nutrition 
Reviews. Copies may be ordered from The 
Nutrition Foundation, Inc., Chrysler Build- 
ing, New York 17, N. Y., at $1.50 each. 
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